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 Fire protection has become an important issue in construction industry. In fact, 
prevention for structural collapse is vital as to ensure the safety of the people from the 
building. Intumescent coatings are designed to prevent the heat, flames or fire from 
spreading. Talc has been used as a fire retardant filler in this study to enhance the 
performance of intumescent coating in order to protect the underlying substrate. The 
main reason of choosing talc as a filler is because it can withstand temperature above 
1300°C due to the high silicate content.  The aim of this work is to study the effects of 
incorporating talc in the formulation towards the physical, chemical and mechanical 
properties of intumescent coating. Five formulations were burned in a furnace at 
800°C and the physical properties in terms of expansion and adhesion to steel 
substrate were observed.  
 
In order to study the effects of water permeability towards coating, chemical 
properties measurement of the coating was determined by performing the water 
immersion test according to ASTM D870-97 test method. The coating was immersed 
in a distilled water for 358 hours and the weight changes were then measured. 
Morphology of char before and after water immersion was analysed using Scanning 
Electron Microscopy (SEM). Lap shear test was performed according to ASTM 3163 
test method to test its mechanical properties. The maximum shear strength was found 
to be 7.65 MPa for F5 formulation and 0.42 MPa for formulation without talc 
respectively.  X-Ray Fluoresence (XRF) and X-Ray Diffraction (XRD) were used to 
analysed the chemical composition of char. Thermal stability of the coating was 
conducted using thermogravimetric analysis (TGA) while Fourier Transform Infrared 
Spectroscopy (FTIR) was used to characterize the functional group in a char sample. 
 
Heat insulation test was performed according to ASTM E119 standard test. The test 




Result shows that heat insulation characteristic of the intumescent coating was 
improved due to the high content of talc which provides good heat insulation to the 
substrate as the char expand and exhibiting good cellular structure to protect the steel 
from fire exposure. After reaching an equilibrium, the temperature of the coating were 
124°C for F1, 125°C for F2, 123°C for F3, 113°C for F4 and 69.6°C for F5, 
respectively. 
 






Perlindungan dari api merupakan satu isu penting dalam industri pembinaan. Secara 
faktanya, perlindungan dari kejatuhan struktur banggunan adalah perlu untuk 
memastikan keselamatan manusia dalam banggunan. Salutan intumescent dicipta 
untuk mengelakkan haba atau api dari merebak. Di dalam kajian ini, talcum  diguna 
sebagai pengisi bagi meningkatkan prestasi salutan intumescent dalam melindungi 
substrat.Tujuan utama menggunakan talkum sebagai pengisi adalah disebabkan oleh 
sifatnya yang tahan suhu 1300°C oleh kerana kandungan pasir yang tinggi 
didalamnya. Tujuan penyelidikan ini dilakukan adalah untuk mengkaji kesan talcum 
ke atas sifat fizikal, kimia, mekanikal dan haba salutan intumescent. Lima jenis 
formulasi dibakar didalam ketuhar pada suhu 800°C dan sifat fizikal seperti 
pembesaran salutan dan kelekatan pada substrat keluli diperhatikan. 
 
Untuk mengkaji kesan ketelapan air terhadap salutan, sifat kimia salutan ditentukan 
dengan menjalankan ujian perendaman air mengikut ASTM D870-97 cara kerja. 
Salutan direndam di dalam air suling selama 358 jam dan perubahan berat dihitung. 
Morfologi arang sebelum dan selepas rendaman air dianalisis menggunakan SEM. 
Ujian ricihan pertindihan dilakukan mengikut cara kerja ASTM 3163 untuk menguji 
cirri-ciri mekanikal. Tahap maksimum ricihan didapati 7.65 Mpa untuk formulasi F5 
dan 0.42 Mpa untuk formulasi tanpa talcum (0%). XRF dan XRD digunakan untuk 
menganalisis komposisi kimia arang. Kestabilan haba salutan diukur menggunakan 
TGA manakala FTIR digunakan untuk menganalisis kumpulan berfungsi sampel 
arang. 
 
Ujian penebatan haba dilakukan mengikut cara kerja ASTM E119. Ujian dilakukan 
selama 100 minit dan suhu belakang substrat keluli diukur. Keputusan menunjukkan 
ujian penebatan haba meningkat oleh kerana kandungan talcum yang tinggi dimana 
penebatan haba yang baik dapat dihasilkan kepada substrat untuk melindungi salutan 
ix 
 
intumescent dari api. Suhu pada keadaan keseimbangan adalah 124
°





C untuk F3, 113
°
C untuk F4 dan 69.6
°
C untuk F5. 
 
Kata kunci: lapisan lindungan seramik, salutan intumescent, substrat keluli, talcum
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1.1 Chapter Overview 
This chapter presents an introduction of the research work. This chapter consists of 
background of the study, problem statement, objective of this research work, the 
scope of work and thesis organization. 
1.2 Background of study 
Flame retardant coating is now widely used to protect material against fire [1]. Flame 
retardant can act physically or chemically depending on their nature. Table 1.1 below 
shows how the flame retardant act physically and chemically. 
 
Table 1-1 Chemically and physically reaction of flame retardant [1] 
Physical Action Chemical Action 
- By Cooling:  
The additives cools the substrate to a 
temperature below substrate temperature 
(e.g: ATH) 
 
- By Formation of Protective Layer:  
A solid or gaseous protective layer, 
which excludes the oxygen necessary 
for the combustion process (e.g. 
phosphorus compounds). 
 
-By Dilution:  
The inert gases from the additive dilutes 
the fuel in the solid and gaseous phase 
(e.g. Aluminum hydroxide) 
 
 
Reaction in Gas Phase:  
The radical mechanism of combustion is 
interrupted and exothermic reactions are 
stopped. System cools down (e.g. 
Halogenated flame retardants)  
 
Reaction in Solid Phase:  
By forming carbonaceous layer on the 





Flame-Retardants (FRs) are classified into two categories: additives (mechanically 
blended with polymeric substrate) and reactives (chemically bound to the polymer). 
Additives types are used especially for thermoplastics, while reactives are typically 
used for thermosets [1]. There are four main classes of additive type of flame 
retardant for thermoplastics: 
 
• Halogenated Compounds  
• Phosphorus Compounds  
• Metallic Oxides  
      • Inorganic Fillers 
 
Intumescent coating that are used in this research was based on phosphorus flame 
retardant. Phosphorus based flame-retardant is considered environmentally friendly 
flame retardants because it generates less toxic gas and smoke than halogen-
containing compound [2]. Phosphorus-based flame retardant mainly active in the 
condensed phase and arise as a consequence of thermal generation of phosphorus 
acids. 
 
 Intumescent is a mechanism of flame retarding a material by causing the 
material to foam and creating an insulating layer when being exposed to heat [2]. 
Three basic ingredients were used such as ammonium polyphosphate (APP) as an acid 
source, pentaerythritol (PER) as carbon source and melamine (MEL) as a blowing 
agent.  When heating, these three basic ingredients will form a porous carbonaceous 
char which can protect the underlying substrate. 
 
1.3 Importance of the Intumescent Coating 
 
In 2006, there was 11.3 billion in property loss, 16,400 people injured, and 3,334 
people killed by fire just in United States [3]. While worldwide statistic on fire loss 
are not available, [4] it can be guaranteed that fire looses occurred in just about every 
country on the planet last year and either increased or stayed constant when compared 
to previous year. Scientifically, fire is a thermo-oxidative decomposition of material, 
which means it converts carbon and other combustible material into CO2 and water. 
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The protection of metallic materials against fire has become an important issue 
in the construction industry [5]. Indeed, prevention of the structural collapse of the 
building is paramount to ensure the safe evacuation of people from the building, and 
is a prime requirement of building regulations [6] in many countries. An official 
report on the 11
th
 September tragedy found that the length of time the buildings 
remained upright after being hit by two passenger aircraft astonished most observers, 
including knowledgeable engineers. It claimed this resistance was testament to its 
good construction and undoubtedly saved the lives of many within the building. 
Therefore the fire protection installed on the building was almost certainly superior to 
that which was required by the original design requirements that existed when the 
building was constructed [7].  
Steel is very sensitive material in losing its mechanical properties; the 
strength, ductility, and atomic structure when exposed to heat. The uncoated steel 
structure cannot withstand at very high temperature, especially the temperature due to 
the outside explosion. Intumescent coating react under influence of fire and swell to 
many times it original thickness, producing an insulating layer that protect substrate 
from fire. 
Today, the intumescent coating layer has been implemented widely in 
structure as well as highly sealed steel structure as fire protection mechanism. As 
passive fire-retardant, intumescent has being permanently attached to the material as 
coating layer for a longer period of time and once activated when the fire or heat 
existed. Intumescent coating will delay the heat transfer to the structure inside by 
forming protective layer or char [8]. This material forms an insulating barrier which 
protects the substrate from rapid increase in temperature. Such protection is useful for 
increasing the time to collapse under fire for steel structures or to upgrade fire 
resistance of walls or ceilings of various materials, avoiding diffusion of fire, smoke 
and temperature on the opposite side of the wall [8]. 
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1.4 Problem Statement 
Polymer nanocomposite constitute a relatively new development in the area of flame 
retardancy and can offer significant advantages compared to traditional approaches 
[9]. The most common nanocomposite are polymer layer silicate structure. There are 
two classes of silicates used in nanocomposites: layered silicates (clay mineral) and 
phylosilicate (rock mineral). The multilayered silicate structure may act as an 
excellent insulator and also mass transport barrier slowing the escape of the volatile 
products generated during decomposition [10]. 
In this research, talc is used as a filler in intumescent coating as it has a higher melting 
point around 1300°C which can withstand higher temperature. Talc is also a layered 
silicate filler which can form protective layer to protect the underlying substrate. Talc 
were used in this study is phyllosilicate. The particle size of talc used in this study 
was 30µm. The reason of choosing talc as a filler in intumescent is their relevance in 
flame retardancy that results from their ability to significantly improve the thermal 
stability and self extinguishing characteristic of the polymer matrix when they are 
incorporated [9]. The platy structure of talc which would most easily assist in the 
formation of a barrier layer and their high aspect ratio and high swelling capacity 
allows efficient intercalation of the polymer [9].  
Several researchers have used talc in their study and most of the binder use 
based on thermoplastic such as PA6. Levchick and co-workers which recently 
reported on their investigation of the effect of talc on the flammability properties of 
polyamide-6 (PA-6) flame retarded with APP [11]. Almeras et al. used talc and 
calcium carbonate as a filler in polypropylene compound show the good fire 
performance was achieve by using talc by performing the ceramic like protective 







However, the effects of talc filler in intumescent coating by using epoxy 
bonded to steel substrate were not studied yet, so it is necessary to study the effects of 
this filler which can protect the steel from high temperature. Therefore, this study was 
focused to enhance the effects of talc as a filler in intumescent coating with respect to 
its physical, mechanical, chemical and thermal properties in order to protect the steel 
substrate from fire. 
 
1.5 Research Objectives 
The main objectives of this work is to investigate and characterize the influence of 
talc as a filler in intumescent coating with respect to its physical, chemical, thermal 
and mechanical properties and to investigate the influence of talc towards the fire 
retarding performance of intumescent coating.  
 
1.6 Scope of work 
An intumescent fire retardant coating was prepared using APP-PER-MEL system. 
Epoxy resin was used as a binder, APP as acid source, MEL as blowing agent, and 
other additives as assistants. Steel has been used as a substrate in this study as it is 
widely used in construction industry because it plays a critical role especially in 
construction for bridges, building, cars, roads, infrastructure and also offshore 
platform. Epoxy zinc phosphate primer has been used as an interlayer to give 
corrosion protection and facilitates adhesion of the coating to the steel substrate. Talc 
has been used as a filler to enhance the thermal performance of the intumescent fire 
retardant coating as it has higher melting point above 1300°C. 
 
 Characterization of the coating after burning was analysed by using SEM, 
FTIR, XRF and XRD. Thermal properties of the coating was analysed using TGA 
while chemical properties of the coating after 358 water immersion was analysed by 
performing water immersion test. Lap shear test was performed to analysed the 
mechanical properties of the coating. Finally, heat insulation test was performed to 





1.7 Organization of Thesis 
 
Five chapter was presented in this thesis. In Chapter 1, background of the research is 
presented including the intumescent and polymer fundamental. This chapter also 
presents the problem statement, objectives of the study and scope of work involved in 
this research. 
In Chapter 2, literature review and theory are presented. This chapter is started 
with the statistic of intumescent on the market around the world, historical 
development of intumescent coating, definition of fillers and its function in 
intumescent coating. Literature review on past works are discussed related to the 
effects of talc and other filler in intumescent coating. Properties of steel and 
advantages of intumescent coating are also discussed in this chapter. 
Chapter 3 contains the methodology of the research. Details of materials used, 
sample preparation of the coating and equipment involved were briefly described. The 
method used for physical, chemical, thermal and mechanical test were discussed.  
Chapter 4 presented the result and discussion obtained after performing the 
test. The talc characterization related to its chemical composition were discussed in 
the beginning of the chapter. Characterization of the coating by using SEM, XRD, 
XRF, FTIR and TGA after 800°C burning using furnace were briefly discussed in this 
chapter. The chemical and mechanical properties of the coating were analysed and 
discussed. Finally, the fire performance test of the intumescent coating using bunsen 
burner were analysed and discussed. 
The last chapter, Chapter 5 presented the conclusion of overall result obtained 
from the SEM, XRD, XRF, FTIR and TGA analysis. The effects of talc towards the 
performance of intumescent coating in chemical, mechanical and fire test were 






1.8 Chapter Summary 
This chapter present the introduction of this research. Background study of study is 
presented to understand the flame retardant mechanism, their application in 
construction industry and the advantages of this coating towards people safety and 
protection against fire. 
 Problem statement in this research was clearly addressed in order to 
understand why this research was need to be carried out, followed by research 
objectives, scope of work and the organization of thesis. 
 In the next chapter, the theory and literature review on intumescent coating 
will be discussed briefly. The development of intumescent coating and past work 
































2.1 Chapter overview  
 
This chapter presents the literature review and theory of the research. It will begin 
with the flame retardant mechanism, historical development of intumescent coating, 
definition of fillers and its function in intumescent coating. Literature review on past 
work related to the effect of talc and other filler in intumescent coating will discussed 
briefly in this chapter. 
 
2.2 Flame Retardant Mechanism 
It is critical to understand the mechanism of action of all flame retardant. Emmon‟s 
[13] fire triangle is the best way to explain the life cycle of fire as shows in Figure 1.1. 
An initial heat source is the beginning of an ignition that futher requires fuel and 
oxygen (through air) to be sustained and to grow. 
 
                                                    Fire Triangle 
                                     






                          Figure 1-1 The fire triangle according to Emmons [13] 
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In general, fire growth is more favourable as the heat flux or air supply increases, or if 
the material is more „flammable‟. However, excessive ventilation may remove heat 
from the flame, while additional heat may also result in melting or char formation, 
each of which could reduce fire growth [2]. 
 Flames from fires destroy property, but it is the combustion products in the 
smoke which directly or indirectly lead to loss of life [14, 15]. Conventional methods 
of reducing ignitability in small flame tests by the addition of flame retarding 
chemicals usually increases the density and toxicity of smokes and fumes [14,16]. 
Although flame retardant materials may burn less vigorously under real fire 
conditions [6], the lowered burn rate is usually accompanied by higher smoke levels 
resulting from incomplete gas-phase combustion. Incomplete combustion increases 
the carbon monoxide/carbon dioxide ratio and the toxic potency of the smoke [16, 
17]. 
 
2.3 Historical Developement of intumescent coating 
Intumescent fire retardant systems were first developed for application in the field 
of coating. Material to be protected against the action of fire were either inert 
materials such as steel, which does not contribute to the propagation of fire with 
volatile products but may collapse at the temperatures of flames, or reactive materials, 
which may chemically interact with the compounds used to develop intumescence 
[18]. 
Vandersall [19] is the first person to report on the development of intumescent 
and then it has been updated by Kay et al. [20]. First literature report on a fire 
retardant intumescent coating is in 1938 and it was patented by Tramm et al. [21]. 
However Olsen and Bechle [22] in 1948 were the first to use the term “intumescent”. 
During 1948-1950, Jones et al. [23] discussing the composition of intumescent 
systems in terms of functions performed, defined carbonific (compounds acting as a 
source of carbon to build up char) and spumific (those which induce the foaming 




(a) an inorganic acid or compounds which generates an acid on heating between 
100°C and 250°C 
(b)  a polyhydric compound rich in carbon atoms 
(c) an amine or amide and  
(d) a halogenated organic compound 
 Intumescent occurs only if the chemical reactions and physical processes take 
place in the appropriate sequence as the temperature increases. The carbonific 
compound must not decompose or volatize at too low temperature, so that it can react 
with the inorganic acid, and the blowing gases must evolve at the correct stage of the 
gelation process. The largely empirical development of intumescent coatings has led 
to the preferential use of certain compounds in commercial system [19]. 
Intumescent coatings are designed to perform under severe conditions and to 
maintain the steel integrity for up to three hours when the temperature of the 
surroundings is in excess of 1100°C [24]. When the temperature of the coating 
surface reaches a critical temperature under the heat of the flame, the surface begins 
to melt and is converted into highly viscous liquid. Simultaneously, reactions are 
initiated that result in the release of inert gases with low thermal conductivity. These 
gases are trapped inside the viscous fluid (formation of bubbles). The result is the 
expansion or foaming of the coating, sometimes up to several times its original 
thickness, to form a protective carbonaceous char as in (Figure 2-2) that acts as an 
insulative barrier between the fire and the substrate. The “intumescence concept” 









Figure 2-2 Swelling of an intumescent coating [24] 
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2.4 Classification and Mechanisms of Intumescent Coatings 
There are two distinctly different types of intumescent coatings. The first one is the 
traditional chemical intumescent fire retardant coatings with chemical fire retardant 
mechanism. The second one is a new type of physical intumescent coatings 
containing expandable graphite with physical fire retardant mechanism. The 
development of these coatings is focused on improving the fire retardant efficiency 
and weather durability of the products, and reducing the emission of smoke and 
volatile organic compounds (VOC) as well as toxic gases to provide safe and 
environmental-friendly products for end-users. 
2.4.1 Traditional intumescent Coating 
This type of coatings consists of three basic components [19, 25 , 26]. Firstly carbon 
source, this can be a carbon-rich polyhydric compound, such as a starch, glucose, 
pentaerythritol (monomer, dimmer or trimer). Secondly an acid source, a dehydrating 
agent capable of promoting the formation of a carbonaceous char from the carbon 
source. This is usually a source of phosphoric acid, such as ammonium phosphate, 
diammonium phosphate, and the other phosphates. Thirdly, gas source or blowing 
agent, that would expand the film of coating upon heating. This is usually a nitrogen- 
or halogen-releasing compound such as urea, melamine and melamine phosphates or 
chlorinated paraffin. 
 
2.4.2 Expandable graphite intumescent coatings  
This type of intumescent coatings contains expandable graphite which is a new 
generation of fire retardant additives. Expandable graphite is formed by treating 
crystalline graphite, which is composed of stacks of parallel planes of carbon atoms, 
with intercalants such as sulfuric acid and/or nitric acid [27].  
Since no covalent bonding exists between the planes of the carbon atoms, the 
intercalant can be inserted into the gap and positioned within the graphite lattice. 
When the intercalated graphite is exposed to heat or flame, the inserted molecules 
would decompose and release gases. The graphite layer planes are forced apart by the 
gas and the graphite would expand. Expandable graphite coatings can expand to a 
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greater degree  than the traditional intumescent coating and it is often used with 
ammonium polyphosphate or polyurethane to produce a synergistic fire retardant 
effect [27, 28]. 
 2.5 Char formation in intumescent Coating 
The formation of char is a complex process. There have been studies on the 
correlation between the chemical structure of synthetic polymer and char yield [29, 
30] char structure and properties [31] and on the effect of char on polymer 
combustion [29]. In general, char formation reduce the flammability. Char formation 
can be induced or increased by using additives that react with the degrading polymer 
and promote char formation at the expense of the formation volatiles. 
2.5.1 Char formation in thermal degradation  
Char which is formed in the process of thermal degradation can play several roles in 
fire retardancy. The formation of char in and of itself has a significant effect on the 
degradation because char formation must occur at the expense of other reactions that 
may form volatiles, thus char formation may limit the amount of fuel available. When 
char is formed, it can influence further degradation. Camino [18] stated that, when an 
adherent and insulating layer of char is built up on the surface of a polymer, this layer 
may insulate the underlying polymer from the flame and thus make further 
degradation more difficult. This assumes that the combustion of char is a difficult 
process and there will be some dependence on the composition of the char layer [18]. 
It is believed that the temperature at the surface of a burning polymer is close 
to the temperature at which extensive thermal degradation occurs (usually 300-
600°C). The bottom layer of char, near the polymer surface is at the same temperature 
whereas the upper surface, exposed to flame can be hot as 1500°C [32]. Therefore, 
fire retardant chemistry is concerned with char which may be produced at 
temperatures between 300-1500°C [32]. Figure 3 shows the forming of intumescent 
structure under the reaction of heat. 




      Figure 2-3 Foaming of the intumescent structure [33] 
2.5.2 Additives that promotes char formation  
 
a) Metal compound  
-Iron compound show synergistic effect in both halogen containing and halogen free 
fire retardant system. From microscopic examination, the iron compounds change the 
appearance of the char to one that is shinier and crack free [34], these changes will 
provide better insulating characteristics to the char layer and thus enhance fire 
retardancy. 
-Tin compound, including tin (IV) oxide, zinc stannate, behave as condensed and 
vapour phase fire retardants in the presence of halogenated compounds [35]. The 
amount of non-volatile residue increases for brominated polyester or the resin with a 
brominated additive  in the presence of these tin compound [35]. 
b) Low melting glasses and ceramics 
-The utilization of low-melting glasses or low caking ceramics is a well known 
approach to protect char from thermal oxidation [35]. If the melting or caking 
temperature is relatively low, the transitory char formed at low temperature can be 
protected as well. Some boron or phosphorus containing compounds are good 
candidates for low-melting glasses. Example of the low melting glasses and ceramics 
use is low melting phosphate-sulfate and borate-carbonate glass forming system are 
also efficient for the protection of char [36]. 
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-Zinc borates with various contents of hydrated water have found wide commercial 
application [37]. The boron component undergoes vitrification at high temperature, so 
in combination with alumina trihydrate, a ceramic layer is produced. 
c) Phosphorus containing additives 
Ammonium polyphosphate are well known class of phosphorus containing additives 
that promote charring in polyols, and cellulose is a classical example [38] of such 
polyol chemistry. The evolved phosphoric or polyphosphoric acid attack hydroxyl 
group, producing phosphate esters. 
2.6 Importance of char structure 
The degree of protection provided by a char during combustion depends on both its 
chemical and physical structure [39]. A review of char formation has recently 
published by Levchik and Wilkie [40]. Figure 2-4 (a) and (b) illustrate the importance 
of physical structure of char in intumescent coating where it is useful to describe an 
ideal and non-ideal char.  
The ideal char in Figure 2-4(a) is an intact structure of closed cells containing 
pocket of gas. For this to happen, the bubbles of gas must become frozen into the 
expanding and thickening polymer melt, which ultimately solidifies to produce 
honeycomb structure. This prevents the flow of volatile liquids or vapours into the 
flame and provides sufficient thermal gradient to keep the remaining polymer melt 
below its decomposition temperature [39] 
The non-ideal char or poor structure in Figure 2-4 (b) does not contain closed 
cells but channels through which gaseous decomposition products or polymer melt 
can escape. The more important is the movement of liquid products which can be 





              Figure 2-4 (a) ideal char structure       (b) poor char structure [39] 
 
 
2.7 Advantages of intumescent fire-retardant coating 
The use of intumescent fire-retardant coating is one of the easiest, economical and the 
most efficient ways to protect materials against fire [38]. Intumescent coatings present 
four  main advantages such as; 
i) It can prevent heat from penetrating and flames from spreading 
ii) It does not modify the intrinsic properties of the materials (e.g. the mechanical 
properties) ; and 
iii) It is easily processed and may be used onto several materials such as metallic 
materials, polymers, textiles and wood. 
iv) It can provide steel structure with corrosion resistance, fire protection and a 




2.8 Binder in intumescent coating 
Epoxy resin are extensively used in advanced structural composites particularly in the 
aerospace industry. They consist of an epoxy resin and a curing agent or hardener 
[39]. Figure 2-5 shows the molecular structure of epoxy Bisphenol A used in this 
research: 
 
Figure 2-5 Epoxy resin bisphenol A [42]  
 
Glass transition temperature of epoxies range from 120-220°C [42] hence they can be 
safely used up to these temperature. Cross-linked epoxy resin are combustible and 
their burning is self-supporting with limiting oxygen index (LOI) values in the range 
22-23. They mainly require reactive flame retardants, such as tetrachloro or 
tetrabromobisphenol-A and various halogenated epoxides [39].  
 In intumescent coating, epoxy resin was used to bind together the intumescent 
ingredients, and also to provide adhesion to substrate. Furthermore, it contributes to 
the formation of a uniform cellular foam structure because the molten binder helps 
trap the gases given off by the decomposing blowing agents, thus ensuring a 
controlled expansion of the char. It is important that the ingredients retain their 
functionality over a long period of time, so the binder also has to protect the water 
sensitive intumescent ingredients, by providing the necessary resistance to water, UV 











2.9 Fillers in intumescent coating 
2.9.1 Definition of filler 
There are many different sources define fillers in different ways: 
 
In technical dictionary, [43] fillers can be defined as a material added to a polymer in 
order to reduce compound cost and/or to improve processing behaviour and to modify 
product properties. 
In encyclopedia, [44,45] fillers or extenders in the coatings industry, are finely 
divided solids added to polymer systems to improve properties and reduce cost. 
In handbook, [46] fillers are solid additives, different from plastic matric resin 
composition and structure, which are added to polymers to increase bulk or improve 
properties 
In ASTM C859, [47] filler are general term for a material that is inert under the 
condition of use and serves to occupy space and may improve physical properties. 
 According to Wypych G. [48], fillers penetrate and infiltrate materials. But 
there are hardly any cases in which the surrounding material penetrates the fillers 
outside boundary. Their impregnating and quenching activity can be translated into 
their ability to react or interact with the surrounding material, so fillers can be defined 
simply as a „solid material capable of changing the physical and chemical properties 
of materials by surface interaction or its lack thereof and by its own physical 
characteristic. 
 Following properties and characterization are ideally required for the 
successful commercial use of a fire retardant filler [49]. 
i) A significant endothermic decomposition in the temperature range 100°C-
300°C, with release of at least 25% by weight of water and/or carbon dioxide, 
depending on the polymer, its mechanism of decomposition, and inherent 
resistance to combustion 
ii) Ready availability and low cost 
iii) Low toxicity 
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iv) Available with small particle sizes, with defined morphology and ideally low 
surface area and capable of being used at high filler loadings 
v) Low levels of solubility, extractable salts, and of potentially detrimental 
impurities(such as those causing premature polymer degradation) 
vi) Colourless  
2.9.2 Types of filler 
Fillers are non-polymeric compounding materials used at concentrations greater than  
20 % of the polymer mass and often at concentrations as high as 40%. Two classes of 
fillers, based on their apparent smoke suppresent functions are known : they are 
„inert‟ and „active‟ smoke suppressant fillers [39] 
 According to Horrocks [39], inert fillers reduce the amount of smoke 
generated from a given mass or volume of a polymer simply by diluting or reducing 
the amount of combustible substrate present and also by absorbing heat to reduce the 
burning rate. Example of such fillers are silica (SiO2), clays, CaCO3 and carbon black. 
It is possible that a filler may be inert in one polymer system, but active in another. 
Inert fillers usually give only marginal improvements in flame retardancy, unless 
present in very high concentrations [39]. 
 „Active „ fillers promote the same diluent and heat absorption functions as 
inert fillers, but they absorb more heat per unit weight by endothermic process. Gases 
such as water, carbon dioxide, or ammonia, released during heating may also dilute 
the fuel volatiles and modify flame reactions. Examples of currently used active fillers 
include Al(OH)3 [50,51] basic magnesium carbonate, Mg(OH)2 [52] and talc. In 
these, the water of hydration and carbon dioxide is released at temperatures 
approximating to those of polymer decomposition, producing both flame retardant 
and smoke suppressant effects.  
2.10 Synergism in intumescent coating 
 
W.Edward [53] defined synergism as an effect greater than the additive effect, 
produced by a combination of ingredients. However to give synergism a precise 
quantitative meaning, it is necessary to define what is meant by additives effect. 
Flame retardant (FR) effects as a function of concentration are only occasionally 
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represented by a linear functional relationship, but are often nonlinear. An explicit 
mathematical statement of what is meant by additivity is required if flame retardant  
response is not linearly related to the concentration of each retardant [53]. 
 
2.10.1 Synergistic combination in intumescent coating. 
2.10.1.1 The effects of inorganic hydroxide / inert filler 
The high loading contents required for inorganic hydroxides to function as flame 
retardant additives for polymeric substrates has cause researchers to investigate 
numerous combinations of other materials with them in an effort to identify 
complementary or synergistic mixtures. 
Work done by Kirschbaum [54] in the development of alumina trihydrate 
(ATH) and magnesium hydroxide Mg(OH)2 show that combination of ATH and 
Mg(OH)2 give great performance when used together over a wide range of ratios. The 
effect is though to be due to the increase in the range of endothermic response and 
release of water into vapour phase. The resulting mixed-oxide residue may also play 
an important role in this synergy.  
The use of metal nitrates to improve the flame retardant performance of 
inorganic hydroxide was recently discussed by Zhu et al. [55]. The addition of 2% 
copper nitrate to EVA containing 33% ATH raised the oxygen index from 19.9 to 
30.0 a truly synergistic increase. 
 Research reported by Jenewin et al. [56] shows that nitrogen containing 
compounds are effective synergistic agents for use in combination with the aluminium 
salts of phosphinic acid. Although these aluminium salts are already effective at 
relatively low concentrations, lower loading requirements are most likely desired to 
reduce cost and improve physical properties. 
Zinc hydroxystannate is not particularly new introduction to the flame 
retardant industry. It is synergistic agent for halogenated flame-retardant additives and 
a smoke suppressant. It is effective as either a full or partial replacement for antimony 
oxide in many systems. Recent work has shown that the addition of zinc 
hydrostannate or zinc stannate to formulation containing inorganic hydroxides 
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reduces the loading levels required to achieve UL-94 V-0 ratings in variety of 
polymeric substrates [57]. 
Leroy et al. [58] investigated the influence of the aspect ratio of fillers on 
flame retardancy for the system EVA, magnesium hydroxide Mg(OH)2 and talc. Talc 
particles of different lamellarity and specific surface area were tested, leading to the 
conclusion that for highly lamellar talc particles the fire retarding behaviour became 
similar to that EVA-MgOH-modified montmorilonite based nanocomposites but with 
significant intumescent. This intumescence, which occur during the preignition period 
in cone calorimeter tests,  to be related to three phenomena caused by the lamellar 
particles (modified montmorilonite or talc) heterogenous bubble nucleation, increased 
viscosity, and charring promotion. 
 
2.10.1.2 The Effects of active fillers in intumescent coating 
It has also been shown that fillers may act as synergistic agents in intumescent fire-
retardant formulations. Jalal Faghihi [59] in his  research presented the effect of fillers 
on fire retardancy of intumescent high density polyethylene ( HDPE ) compounds. 
Mechanical properties results showed that an increase in the amount of additives 
compounds caused an increase in modulus and a decrease in ultimate strain and 
impact resistance. Using of ethylene vinyl acetate (EVA) as modifier caused an 
increase in impact resistance compared to other compositions, because of 
improvement in adhesion between polymer and filler. Flammability test results 
showed improvement in flame retardancy due to using alumina trihydrate, borax, 
ammonium polyphosphate (APP) and talc. Furthermore a synergistic effect was 
observed when ammonium poly phosphate and talc were incorporated together. The 
charred layers provided a good thermal and flame barrier. Morphological and thermal 
gravimetric analyses study supported the idea that the improvement in the flame 
retardancy was due to charred layers formed by the interaction between polymer and 
inorganic fillers. 
 Research done by Scharf [60] compares the effect of TiO2 and SnO2 on the 
flame retardant char-forming effect of ammonium polyphosphate in polypropylene, 
together with an intumescent nitrogenous resin. TiO2 increases the flame retardancy 
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by giving a stronger and more continous char in higher yield; SnO2, on the other hand, 
was antagonistic and make the char flakier and more porous, and did not enhance the 
char yield .The beneficial action of TiO2 was considered to be physical “bridging 
effect” the deleterious action of SnO2 was attributed to an favourable chemical 
interaction with the phosphorous compound. 
Recent studies in Lille [61] have shown remarkable synergism of the 
ammonium polyphosphate- pentaerythritol intumescent flame retardant system in an 
ethylene-butylacrylate-maleic anhydride terpolymer based formulation by low levels 
of an acid zeolite. The presence of the zeolite appears to enhance the quality of the 
protective char by decreasing the size of the amorphous domains and preventing the 
formation of crack-susceptible large domains in the carbon. The formation of alumina 
phosphate, retention of volatile cracking products, and increased radical concentration 
in the char are also implicated in the protective mode of action. The relative 
contribution of these various effects remains to be apportioned.  
Often combination of nanofillers with traditional micro-sized traditional flame 
retardants demonstrated synergistic effects. A halogen free flame retardant 
nanocomposite was reported by Hu et al. [62] using PA 6, modified montmorilonite, 
Mg(OH)2 and red phosphorus. This system showed higher mechanical and flame 
retardant properties than those of a classical flame-retardant PA6 and therefore 
synergistic effect for all three fillers. 
The use of synergist (micro-and nanoparticles) was also investigated in 
intumescent coating. Li et al. [63] suggested combining EG and/or molybdenum 
disilicade (MoSi2) in and intumescent system based on APP/PER/Melamine. Result 
showed that incorporating the synergist the time to failure is prolonged and the char 
formation rate is enhanced. The largest improvement is achieved by combining two 
synergist MoSi2 and EG in an appropriate ratio. 
Wang et al. [64] used organomodified layered double hydroxide (OLDH) as a 
nanofiller contain intumescent system in acrylate resin. Result showed that upon the 
incorporation of 1.5% OLDH the fire resistant time jumps to 100 min compared to 60 
min without OLDH (virgin coating). It is also noteworthy that the thickness of char 
layer of the formulation with 1.5% OLDH is similar to that formulation without clay. 
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This confirm the results suggesting that the highest expansion is not necessary to 
obtain the best performance. The improvement of the performance is partially 
explained by the char strength and specific heat of char layer. 
Wang [64] also suggests that small holes reinforce the char strength and avoid 
the formation of cracks at the surface of the char. Indeed, the formation of close cell 
in the char structure, evenly dispersed as in foam, reduce heat transfer and increase 
the efficiency of the char. When the cells are too big, char strength is reduced and 
cracks can appear. 
Wang et al. [65] also investigated the use of nanoclay in intumescent acrylic 
coating. The FR efficiency of the intumescent nanocomposite coating is improved by 
incorporating 1.5wt% of nanoclay. However 3wt% substituition nanoclay produces 
negative effect on the fire performance of the coating. The authors also suggest the 
formation of a ceramic like structure at the surface of intumescent coating, but no 
evidence is given. 
In this research, combination of talc and TiO2 is expected to give good result 
in intumescent coating formulation. Combination of these two fillers will enhance the 
performance of intumescent coating by giving higher residue of char and can 
withstand higher temperature due to its higher melting point. 
 
2.11 Talc in intumescent coating 
2.11.1 Talc Chemical and Physical Properties  
Talc is a hydrated magnesium sheet silicate with the chemical formula 
Mg3Si4O10(OH)2. Its elementary sheet is composed of a layer of magnesium-
oxygen/hydroxyl octahedral, sandwiched between two layers of silicon-oxygen 




Figure 2-6 Lamellar structure of talc [66] 
 
Talc is the major constituent of rocks known as soapstone or steatite. The composition 
of talc varies depending on its source. The most important factor is the amount of 
tremolite present. In the USA, for instance, Montana talcs are considered to be 
asbestos and tremolite free. The California plate-like talcs contain minor amounts of 
tremolite (less than 3%), whereas hard talcs contain between 5 to 25% tremolite. The 
other important component in its composition is water which is chemically combined 
in the magnesium oxide or brucite layer [54]. 
Talc may lose this water only on heating over 800°C but, if this happens, the 
plate-like structure is completely lost and talc properties are changed. The planar 
surfaces of the plate-like structure are held together by very weak van der waals 
forces, and therefore talc can be delaminated at relatively low shearing forces, which 
accounts for the slippery feel of talc, and make it easy to disperse. Its plate-like 
structure provides talc-filled materials with important properties, such as high 
resistivity and low gas permeability. This comes about because the diffusion path is so 
complicated [55]. Several other unique properties of talc are structural-related, 
including its lubricating effect, caused by its easy delamination, its low abrasiveness, 
because talc is the softest mineral in the mohs hardness scale and the hydrophobic 
properties of its surface. Hydrophobicity can be increased even more by surface 






2.11.1.2 Effect of talc in intumescent coating 
According to Duquesne et al. [67], talc can affect the development of the intumescent 
protective layer in various ways. As talc reinforces the mechanical properties of 
polymer, and in particular of PP, it modifies the mechanical stability of the 
intumescent protective shield. The mechanical properties of the intumescent 
protective charred layer are a key parameter of the efficiency of the system. If the 
protective shield is easily destroyed by external factor (for example wind) or by the 
internal pressure of the volatile evolved when the material degrades, the protection is 
lost. In that way, the incorporation of talc will affect the fire performance of 
intumescent systems in a positive manner [68]. 
On the other hand, the incorporation of lamellar fillers into intumescent 
systems could lead to a decrease in the expansion rate of the material, [68] which is 
linked with the decrease in the FR performances [69]. Moreover, a chemical reactivity 
between talc and the intumescent system is also suspected [70] that would affect the 
fire performance of the intumescent formulation. As a consequence, this result 
demonstrates that the ratio between the intumescent additive content and the talc 
content has to be optimized in order to develop efficient systems. 
Only several researchers have used talc in their work and most of the work is 
based on thermoplastic polymer such as EVA and polyamide-6 (PA6). Levchick and 
co-workers which recently reported on their investigation of the effect of talc on the 
flammability properties of polyamide-6 (PA-6) flame retarded with APP [17]. In a 
separate study [71] of thermal behaviour of APP and talc, Levchick and co-workers 
found that the TGA residue yields doubled when the additives were combined as 
compared to when they were heated separately. It was proposed that the talc gave a 
high viscosity char due to the presence of the above compound, which prevented 
dripping and resulted in a V-0 rating in the UL-94 test [71]. 
Several micron-sized layered silicates such as talc can improve the fire 
retarding behaviour of EVA by partial substituition of metal hydroxide. Clerc et al. 
[72] have shown that better fire performance was achieved using higher values of the 
lamellarity index and specific surface area for four different talcs in MH/EVA blends. 
Expanded mineral and charred layers were formed, similar to intumescent 
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composition with APP, proving the barrier effect on mass transfer even at the micro 
scale for the mineral filler [72]. 
 Research conducted by Almeras et al. [70] on the effects of filler on 
polypropylene/ ammonium polyphosphate/polyamide-6 (PP/APP/PA6) shows that 
calcium carbonate and talc affect the fire protective properties of PP/APP/PA-6 
system in different ways. It is shown that talc induces an increase in the Young‟s 
modulus and a decrease in the elongation at break. Calcium carbonate leads to a 
decrease in the elongation at break, but there is no improvement in the Young‟s 
modulus. Talc increases fire protective performance due to forming a ceramic like 
protective shield at the surface, whereas calcium carbonate decreases it because of a 
reaction with APP. 
2.12 Steel Substrate Used in Intumescent Coating 
Steel is a non combustible material that is available in various product type: structural 
(hot-rolled), reinforcing, pre-stressing, or cold formed. As with any other material, 
exposure to elevated temperature leads to a temporary decrease in the strength and 
stiffness of steel. Such prolonged degradation adversely affects the resulting 
deformations and load-carrying capabilities of steel during the fire exposure. Steel 
thermal properties are also affected, such as coefficient of thermal expansion, specific 
heat, and conductivity which affect the heat transfer and temperature profile 
calculations [2]. 
Unprotected steel will quite visibly deform, twist and buckle after exposures to 
temperatures in excess of about 600°C for more than 15 minutes. At and above such 
high temperatures, the crystalline/metallurgical changes are inconsequential during 
the fire itself relative to the significant decrease in strength at these elevated 
temperatures, but the significant heating effects of the fire could permanently alter the 
nature of the steel material. Usually, steel that has experienced a hot and prolonged 
fire will have such extensive damage that replacement, rather than its straightening 
and repair will be prudent on cost considerations alone, so the long-term metallurgical 
[2]. 
Several researchers have used steel in their research but the types of steel used 
was hardly mention. Structural steel used in this experiment is A36 which is used for 
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building and many structural uses. Carbon steel was chosen as a substrate due to its 
low cost and availability. In Chapter 3, the composition of carbon steel used was 
discussed in detail. 
 
2.12.1 Structural Steel 
Steel for structural uses may be classified by chemical composition, tensile properties, 
and method of manufacture as carbon steels, high-strength low-alloy (HSLA) steels, 
heat-treated carbon steels, and heat treated constructional alloy steels [73]. Figure 2-7 
shows the typical stress-strain curve for a steel in each classifications to illustrate the 
increasing strength levels provided by the four classification of steel. 
 
 
Figure 2-7 Typical stress-strain curves for structural steels [74]. 
 
2.12.1.1 Types of Carbon Steel 
A steel may be classified as a carbon steel if the maximum content specified for 
alloying elements does not exceed the following [74], that is manganese (1.65%), 
silicon (0.60%), copper( 0.60%) 
A36 steel- the principal carbon steel for bridges, buildings, and many other structural 
uses. This steel provides a minimum yield point of 36 ksi in all structural shapes and 
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in plates up to 8 inch thick. In structural steel framing for building construction, A36 
steel has been largely replaced by the higher strength A992 steel. 
A529- carbon- manganese steel for structural purposes, available in shapes and plates 
of a limited size range. It can be furnished with a specified minimum yield point of 
either 50 ksi or 55 ksi 
A573- another carbon steel which is available in three strength grades for plate 
application in which improved notch toughness is important. 
 
2.12.1.2 Effects of elevated temperature on tensile properties of steel 
At elevated temperatures, the behaviour of structural steels subjected to short-time 
loadings is usually determined from short-time tension tests. Yield strength and 
tensile strength are reduced as temperatures are increased [75]. Figure 2-8 shows the 




Figure 2-8 Effect of temperature on yield strength and tensile strength for structural  
                  steel [75] 
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Figure 2-9 shows the modulus elasticity decrease with increasing temperatures. The 
relationship shown is typical for structural steel. The variation in shear modulus with 
temperature is similar to that shown for the modulus of elasticity. But Poisson‟s ratio 
does not vary over this temperature range. 
 
 
Figure 2-9 Effect of temperature on yield strength and tensile strength [75] 
Ductility of structural steel as indicated by elongation and reduction of area values, 
decreases with increasing temperature until a minimum value is reached. The initial 
decrease in ductility is caused by strain aging and is most pronounce in the 
temperature range of 300 to 700°F [76]. 
2.13 Thermal breakdown in Intumescent Coating by physical process 
The various physical processes occurring during thermal decomposition depends on 
the nature of material. Thermosetting polymeric materials, which do not melt and are 
insoluble once they have been formed, do not undergo simple phase changes upon 
heating. Arthur and Wilkie [77] stated that the physical behaviour of thermoplastics 
following heating depends on the degree of crystallinity. Crystalline material have 
well-defined melting temperature, but amorphous materials do not. 
 Glass is an example of an amorphous material and it has given the name to the 
“glass transition temperature”. Amorphous material appear to have the structural 
properties of solid materials at low temperature. Then, at the glass transition 
temperature, the polymer start a transition toward a soft and rubbery state. This 
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temperature is the lower use limit for elastomers, but the upper use limit for plastic 
materials requiring rigidity and compressive strength. Figure 2-10 shows the idealized 
view of the effect on the deformability of thermoplastic of increasing the temperature 
[77]. 
 
Figure 2-10 Nominal effects of increasing temperature on thermoplastic materials [77] 
 
 
2.13.1 Thermal effects from filler in Intumescent Coating 
Recently differential scanning calorimetry (DSC) and thermogravimetric analysis 
(TGA) have been widely used to study the thermal decomposition and the 
endothermic breakdown of hydrated mineral fillers [55]. The changes in thermal 
degradation profile often observed in thermoplastic in the presence of many fillers can 
also be a significant factor affecting the action of fire-retardant fillers. 
Almost all literature review have described about the thermal degradation of 
the additives and fillers used in the polymer. For example, Wei Gu et al. [78] has 
prepared an intumescent flame-retardant coating by using  unsaturated polyester resin 
and epoxy resin as two-component matrix resins, ammonium polyphosphate (APP) as 
acid source, melamine (MEL) as the blowing agent and pentaerythritol (PER) as 
carbon agent, expandable graphite as synergistic agent, adding titanium dioxide 
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(TiO2). Thermal decomposition of those additives used was analysed using TGA and 
DSC.  
Figure 2-11 shows the TG curves of APP, PER, MEL and the intumescent 
coating used previous study [78]. From the figure, it can be seen the weight loss of 
ammonia is at 290-500°C and the releasing of NH3 gas and H2O. PER begins to 
decompose at 277°C while MEL begin to decompose at 370°C and release ammonia 
gas. The ammonia released by MEL can dilute the oxygenous concentration, blow the 
charring layer and form intumescent charring layer [78]. Coating began to loose 
weight at 230-510°C which the weight loss is about 54%. The coating melts and start 
to release NH3, H2O and polyphosphoric acid and thermally stable protective layer 
was formed at higher temperature. 
 
 
Figure 2-11 TGA curves of APP, PER, MEL and coating [78] 
 
2.14 XRD analysis of intumescent coating 
X-Ray diffraction (XRD) has been poorly used to characterize the carbon phase of 
intumescent structure. Previously, the carbon structure resulting from the 
development of the intumescent system is mainly disordered whereas XRD 
characterizes ordered structure. However, this technique may be of interest to study 
the carbonization process in the case of flame retardant containing layered additives 
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such as expandable graphite [79] or even more lamellar nanocomposite such as 
montmorilonite (MMT). 
XRD analysis could provide interesting information regarding the inorganic 
materials formed during the carbonization process in complex formulation [80]. 
Previous study done by Wang et al. [80] found that the formation of titanium 
pyrophosphate resulting from the reaction of APP and titanium dioxide. Figure 2-12 
shows the XRD pattern from the research. 
 
 
Figure 2-12 Ti2P2O7 observed from XRD peak [80] 
 
Levchik and co-workers [17] found that XRD result were reaction products of talc 
and APP, for the APP:talc ratio of 2:1, ammonium magnesium polyphosphate, 
MgNH4(PO3)3, and ammonium silicon tetrapolyphosphate Si(NH4)2P4O13, were found 
to form at 300°C, followed at higher temperature (~400°C) by loss of all nitrogen and 
the formation of magnesium cyclotetrapolyphosphate, Mg2P4O12, and silicon 
oxomonophosphate, Si5O(PO4)6. 
Another study done by Li et al. [69] on the effects of EG and MoSi2 shows 
that several XRD peak of residue char were obtained at 0.3342° and 0.4255° were 
assigned to be silica (SiO2) [16] and at 2.0265°, 2.2663°, 3.9684° and 3.9276° were 
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assigned to MoSi2 [17]. The result also concluded that the reaction between MoSi2 
and O2 can improve the performance of anti-oxidation of the APP-PER-MEL coating 
due to protective silica layer. 
2.15 Effects of water towards coating 
Coatings are widely used to protect substrates from a variety of chemicals. 
Sometimes, these chemicals are commonly and seemingly innocuous, such as water. 
It is not uncommon for a protective coating to fail because it is being chemically 
degraded by the very chemicals it is designed to resist [81]. 
Wang et al. [80] has done research on the “Influence of expandable graphite 
on fire resistance and water resistance of flame-retardant coatings”. Four different 
sizes of EG were used, 177 µm, 74 µm, 44 µm.They found that the EG coating 
containing 8.5% EG with size of 74 µm can remain good intumescent, fire resistance 
and mechanical properties even after 500 h water immersion. Figure 2-13 shows the 
graph of weight change –evolution hour of four different coating. 
Separated study by Wang et al.  [82] on „investigation into fire protection and 
water resistance of intumescent nano-coatings‟. They found that the good fire 
performance and mechanical properties of nano-coating modified by 1.5% nano-SiO2 
remain even after water immersion. 
           Figure 2-13 Weight- change evolution with immersion time in water from 
gravimetric measurements [80] 
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Recent studies conducted by G.Wang et al. [83] by using glass flake as a filler in 
water resistance of intumescent coating, shows that the glass flake delayed the 
permeation of water into the coating due to its parallel arrangement of the flake which  
increases the diffusion path of water through the coating [84]. Flaky structure of GF 
could slow down the migration of the fire retardant additives, which would 
remarkably improve the water resistance of the coating [83]. 
 
2.16 Adhesion in Intumescent Coating 
Adhesion is about the physical and chemically intermolecular interactions in the 
interface or interface layer [85]. The adhesion promoter can be in a range of 
chemicals available includes silicones, amides, phosphates or modified polymers. 
Beside that, there are binders and additives. This adhesion promoter is to ensure the 
adhesive bonding between the coating and coated material is sufficient hence the 
coating functioning effectively to protect the coated surfaces. 
2.16.1 Coating- Substrate Interaction 
According to G.Reinhard, [86] the surface of clean steel is not iron, rather hydrated 
iron oxides are present as a monolayer on the iron. The layer of rust particles, but a 
monolayer of hydrated oxide. Adhesion to this surface is promoted by developing 
hydrogen bonds between groups on the resin molecules and the oxide and hydroxide 
groups on the surface of the steel. Some authors prefers to interpret the interactions in 
terms of association between soft acid and soft bases [87]. Such groups as carboxylic 
acid(strongly hydrogen donating), amine (strongly hydrogen accepting), hydroxyl, 
urethane amide and phosphate can be the adhesion promoter. 
Bisphenol-A (BPA) and their derivatives commonly provide excellent 
adhesion to steel. These resin have hydroxyl group and ethers group along the chain, 
which can provide for interactions with both the steel surface and other molecules in 
the coating. It may also be important that the backbone consists of alternating flexible 
1,3-glyceryl ether and rigid Bisphenol A group (Figure 2.4). According to literature 
[47], it seems logical that such a combination could provide the flexibility necessary 
to permit multiple adsorption of hydroxyl group on the surface of the steel, along with 
rigidity to prevent adsorption of all hydroxyl groups. The remaining hydroxyl group 
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can participate in cross-lingking reactions or hydrogen bond with the rest of the 
coating. 
A.C Rouw [88] also stated that Bisphenol A containing many aromatic groups 
form its structure which forms a good barrier to corrosion promoting compound like 
water, oxygen and ions. Moreover the presence of many secondary hydroxyl groups 
along the chain gives rise to a strong adhesion to metal. These hydroxyl groups are 
thought to bind strongly to the metal oxide surface because of hydrogen bonds 
interaction. 
 
2.17 Standard Testing  Intumescent Coating 
Required levels of fire protection are normally specified in terms of time and 
temperature on the basis of one or more criteria, which may include statutory 
requirements, design considerations and insurance cost implications. The duration is 
established by a time rating which is determined by testing in accordance with an 
approved standard. Table 2-1 below shows the required standard that has been 
establish by a different countries [89]. 
 
Table 2-1 
Usual test standard Established by different countries [89] 
 
Standard Country Description 
ASTM E-119 The United 
States 
Cellulosic or wood fire, use since 
1903 




Cellulosic or wood fire 
ISO 834 (standard 
time/temperature curve) 
International Cellulosic or wood fire 
DIN 4102 Germany Cellulosic or wood fire 







International Hydrocarbon fire 
Developed early 1970 
UL 1709 The United 
States 
Hydrocarbon fire, developed in 





2.17.1 Hydrocarbon and cellulosic Fire Characteristic 
The hydrocarbon fire test curve developed by the mobil oil company in the early 1970 
and adopted by a number of organizations and in particular, Underwriter Laboratories 
(UL 1709 “rapid temperature rise”) [94]. U.K Department of Energy, BSI, ISO and 
the Norwegian Petroleum Directorate is now a common test method for high risk 
environment such as petrochemical complexes and offshore platform. 
Cellulosic fire curve (ASTM E119) simulates the rate of temperature increase 
observe in a residential or commercial building fire where the main sources of 
combustion fuel are cellulosic in nature, such wood, paper, furniture and common 
building materials [90]. The fire curve is characterized by a relatively slow 
temperature rise to around 927°C after 60 minutes. 
 Figure 2-14 demonstrates the different time temperature curves for this kind 
of „hydrocarbon‟ fire and „cellulosic‟ fires (as used for most Building Regulations 
standards on fire protection) [91].  The graph below interpret that the Hydrocarbon 
time temperature curve increase rapidly  at the beginning of the graph and reach 
higher temperature compare to the Cellulosic time temperature curve („cellulosic‟ 
fires curve).   
 
            Figure 2-14   Time temperature curves for „hydrocarbon‟ fire and  





2.18 Chapter Summary 
 
 This chapter presented the literature review on the development and intumescent 
coating and the theory involved in this research. 
 
 The chapter begins with the details on the historical development of 
intumescent coating and ingredients involved in formulating the intumescent coating. 
Classification and mechanism of intumescent coating were also presented in this 
chapter.  
 
 Types of filler used in past and current work and their effects in intumescent 
coating were discussed in details.  
 
 Finally, past work related to thermal, chemical and adhesion properties were 
discussed briefly. Standard testing established from other countries were also 
summarize in this chapter. 
 
 From literature review, we can see that the previous researcher have carried 
out the research using talc by using polypropylene and polyamide-6 as a binder. So, it 

















3.1 Chapter overview 
 This chapter presents the intumescent ingredients in formulating the intumescent 
coating, substrate that are used, methods on preparing the intumescent coating and 
how the analysis was done. Properties of the material involved in the analysis were 
also presented in this chapter. All test conducted in this research were also described 
in details. 
3.2 Research Procedure 
This project starts with the literature review in order to gain some information in 
previous study on how the projects were carried out and materials involved in 
formulating the intumescent coating. Journals and patents are the main sources in 
obtaining information regarding the composition of materials used in formulating the 
intumescent coating.  
The research was then followed by preparing the intumescent coating as 
shown in flow chart in Figure 3-1. First, five different formulation were prepared 
namely F1, F2, F3, F4 and F5. Then the coating was coated on a steel substrate. 
Samples were then cured at room temperature and the physical properties of char 
were observed. Water immersion test was performed according to ASTM D780 
standard. Lap shear test was also conducted to test coating mechanical properties. 
Thermal properties of the coating synthesized from different formulation were 
conducted by using TGA. Coatings were burned in a furnace at 800°C and the char 
physical properties were analysed. Characterization of char was conducted by 
analysing the samples using SEM, XRF, XRD and FTIR. Finally heat insulation test 
was performed using ASTM E119 test method.  Results were analysed in the next 
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3.3 Intumescent Coating Ingredients 
3.3.1 Epoxy Resin and hardener 
 
In this work, epoxy resin Bisphenol A was used as a binder and polyamide amine as a 
hardener. The basic function of the coating binder is to bind fire retardant additives 
and also to provide adhesion to the steel substrate [92]. The specification and typical 
properties of binder and hardener  used are shown in Table 3-1. 
 
Table 3-1 Typical properties of Epoxy Bisphenol A  and hardener [93] 
 
3.3.2 Ammonium Polyphosphate (APP) 
Ammonium polyphosphate were purchased from Clariant with product name Exolit 
AP 422. It is an inorganic salt of polyphosphoric acid and ammonia. In intumescent 
coating, APP act as acid source which react with carbon donor, pentaerythritol (PER) 
to form an ester [83]. Table 3-2 show the properties of APP provided by supplier. 
 
 
Table 3-2 Physical Properties of APP (Exolit AP 422) [94] 
                                                               
Physical Properties Description 
Physical state Liquid 
Viscosity (25 cP) 11000 ~ 15000 
Curing schedule 7 days at room temperature 
Hardness (Shore D) 85 
Bend strength (MPa) 820 
Properties Description 
pH value 5.5-7.5 
Solubility in water Max 0.5%(w/w) 
Average particle size < 50 µm 
Viscosity 100 MPa 




3.3.3 Pentaerythritol (PER)  
Pentaerythritol (PER) was  purchased from Merck Sdn Bhd. It acts as a carbon source 
in intumescent coating. Table 3-3 show the physical and chemical properties of PER 
used. 
 




pH value 3.5- 4.5 
Melting point 256-258°C 
Ignition Temperature 490°C 





3.3.4  Melamine (MEL) 
Melamine was another basic ingredients in formulating intumescent coating. It acts as 
blowing agent where it decompose to yield gaseous product such as ammonia which 
cause char to swell [22]. Table 3-4 shows the properties of melamine used in this 
current work. 
 





Molecular formula C3H6N6 




Melting point 345°C 




3.3.5 Titanium Dioxide (TiO2) 
Titanium dioxide was used as a pigment in this work. It has a  white colour, and a 
high refractive index. Titanium dioxide is relatively hard, and coatings formulated 
with it tend to have improved abrasion resistance [96]. Table 3.5 shows the properties 
of TiO2 used in this work. 
 
Table 3-5 Properties of Titanium dioxide (TiO2) 
Properties Description 
Product name Titanium(IV) oxide (anatase) 
Molecular weight 79.87 g/mol 
Form powder 
Melting point 1825°C 
Density 3.9 g/ml 
 
3.3.6 Talc (Mg3Si4O10.H2O) 
Talc was used as a filler in this intumescent coating formulation. It is a naturally 
occurring mineral which is available in platy or fibrous structure. In this work, platy 
structure talc was used because it  reduce water permeability and improve corrosion 
resistance [97]. Table 3-6 shows the properties of talc provided by the supplier. 
 



















3.3.7 Primer coating 
Primer coating epoxy zinc phosphate supplied by Dulux were used as an interlayer in 
this study to provide corrosion protection and facilitates adhesion onto substrates. It  
comprises 4 litres bases and 1 litre activator. Table 3-7 shows the product data of 
epoxy zinc phosphate primer used in this work. 
 
Table 3-7 Product data of Epoxy zinc phosphate primer [98] 
Properties Description 
Composition Pigment:  Zinc phosphate, Non-lead 
pigment and inert mineral extender. 
Binder: Polyamide Cured epoxy 
Solvent: Aromatic hydrocarbon 
Pot life Up to 4 hours at 30°C 
Curing time 7 days 
Mixing ratio 4 parts base to 1 part activator by volume 
 
3.3.8 Steel substrate 
Carbon steel plate with 15 mm thickness was prepared according to required standard 
NACE 2-SSPC-SP 10 [99]. Carbon steel was chosen as substrate because of low cost 
and it is used in various application. Table 3-8 shows the composition of steel 
provided by the supplier. 
 
Table 3-8 Chemical Composition of structural steel [100] 
Element Composition(wt%) 
Carbon (C) 0.04 
Silicon (Si) 0.07 
Sulphur (S) 0.02 
Phosphorus (P) 0.12 
Manganese (Mn) 0.21 







3.4 Material Preparation 
3.4.1 Steel Substrate Preparation 
Steel substrate was prepared according to the standard SSPC Surface Preparation 
Specification No.1(SSPC-SP1)[103] where the steel was cleaned by removing oil,  
grease, dirt, soil and other similar organic compounds. After cleaning, sand blasting 
was performed by using Air Compressor Airman 370 CFM. Garnet sand with particle 
size 30-60 mesh and 20-40 mesh was shot from nozzle size 3/8 to a steel surface. 













Ra is general surface roughness. This equipment measures average surface roughness 
by comparing all the peak and valleys to the mean line, and then averaging them all 








3.4.2 Intumescent Coating Preparation 
The compositions of intumescent coating are listed in Table 3-9. Five different 
formulations were prepared F1, F2, F3, F4 and F5. All solid components were ground 
together using grinder to get homogenous mixture. The ground powder was then 
mixed with epoxy and hardener. The mixture was stirred with mixer (40 rpm) as 
shown in Figure 3-3 for 20 minutes. Coating was applied onto blasted steel substrates 
(5×5cm
2
) using brush. The coating was cured at room temperature for two weeks and  
then was touch dry to make sure it fully cured. The thickness of the coating was 
measured using calliper. Figure 3-4 shows the preparation steps of the intumescent 
coating formulation. 
 
Table 3-9 Composition of intumescent coating (wt%) 












Materials      
APP 18 18 18 18 18 
PER 6 6 6 6 6 
Melamine 6 6 6 6 6 
Boric Acid 15 15 15 15 15 
TiO2 5 5 5 5 5 
Talc 0 5 10 15 20 
Epoxy Resin & 
hardener 










Figure 3-3 Mixing Process by   























Figure 3-4 Preparation process of intumescent coating [83] 
 
 
3.5 Coating burning in furnace 
To analyse the physical properties of char after fire test, five formulations of 
intumescent coating were burned in a Carbolite Furnace by using heating profile as 
shown in Figure 3-5. The temperature was kept constant at 50°C for 15 minutes. The 
temperature was then raised up to 800°C and the dwell time was 30 minutes in order 
to burnt the samples completely. After that the sample was cooled at about 30 minutes 
to prevent cracking of the sample. 
 
 







































3.6 Chemical Property of Intumescent Coating: Water Immersion Test  
Water immersion test for all coating formulations were conducted using ASTM 
D870-97 [101] standard procedure for testing water resistance of coating using water 
immersion. Five samples of coating namely F1, F2, F3, F4 and F5 were immersed in 
distilled water at 25°C for 358 hours and was weighed for every 24 h. The weight 
changes of the samples were calculated using equation (1) and weight loss of the 
sample was plotted as a function of immersion time [86]. The coatings of the samples 
were then burnt by using furnace. The morphology of char  after water immersion test 
were analysed by using Scanning Electron Microscopy (SEM). 
 
ΔW = W2 –W1 / W1 × 100                                                                                     (1) 
where: 
Δ W = weight changes 
W1   = sample weight before water immersion 
 W2  = sample weight after water immersion 
 
3.7 Mechanical Property of Intumescent Coating: Lap Shear Test 
Lap shear test was conducted according to ASTM 3163 [102] with pre load of 100N 
and speed of 0.05 in/min. Five samples for each formulation were tested for more 
accurate data. The lap shear test is conducted to determine the shear strength of 
adhesives for bonding materials when tested on a single-lap-joint specimen. The 
thickness used for this test was 1.5 mm for all formulations. Figure 3-6 shows the 
schematic of lap shear test used in this study. 
 





To calculate the shear stress of coating, equation (2) was used: 
σ    = F/A                                                                                                                      (2) 
where,     σ = stress,  F= force,  A = area 
 
3.8 Thermal Properties of Intumescent Coating: Thermogravimetric Analysis  
                                                                                    (TGA) 
The thermogravimetric analysis of intumescent coating (approx. 10mg) were carried 
out at a heating rate of 10°C/min in nitrogen gas with flow rate of 20ml/min over the 
whole range of temperature 25°C to 850°C. The data was recorded using Pyris Player 
Data Analyzer. 
 
3.9 Coating Characterization After Fire Test 
3.9.1 Scanning Electron Microscopy (SEM) of char 
Char samples for SEM analyses were prepared by heating coating samples at 
temperatures 800°C for 30 min in a carbolite furnace, a gold film was then sputtered 
coated at top of the specimen to make the specimen surface electrically conductive.  
 
3.9.2 Coating composition measurement: X-Ray Fluoresence (XRF) of char  
XRF testing machine, Bruker AXS, XRF S4 Pioneer was used to study the residual 
element obtained from char after the burning process of 800°C in a furnace. It was 
also used to analyse the chemical composition of talc filler. The powder sample of 
intumescent and talc was compacted in a specific container using hand compactor 
before brought into the spectrometer. The analyzed result was captured using the 
installed software.  
 
3.9.3 X-Ray Diffraction (XRD) of char 
XRD was used to study the composition of residue inorganic materials and crystalline 
properties of material. XRD measurements were performed on a Diffractometer 
Bruker AXS D8 Advance  using Cu Kα radiation and a nickel filter (k = 0.150595 






3.9.4 Fourier Transform Infrared Spectroscopy (FTIR) of char 
FTIR spectra was recorded using a Nicolet 400 D spectrometer in the range of 4000–
500 cm
-1
. The samples were ground and mixed with KBr to form pellets. Sixty four 
scans were necessary to obtain spectra with good signal-to-noise ratio. FTIR function 
is to detect the vibration characteristics of chemical functional groups in a sample. 
3.9.5  Heat Insulation Test of coating 
Fire test were conducted for each formulation to evaluate the penetration of fire to the 
steel substrate according to ASTM standard E119 [104]. Figure 3-7 shows the set up 
for the fire test. The test was carried out for 100 minutes. Portable Bunsen burner was 
used to burn the coating and the distance of the Bunsen from the coating was set at 7 
cm. Thermocouple type K were connected to Anarittsu Data logger, Input Channel 6 
Model AM-8000K with Anarittsu software and were placed at the backside of the 
steel plate with dimension of 10 x 10 cm
2
. The temperature of the backside steel plate 
was measured for every 1 minute.  
 
 
Figure 3-7 Fire test set up for heat insulation test of 
intumescent formulation.(a) Portable bunsen buner 











3.11 Chapter Summary 
 
This chapter presents the materials used in this research and the methodology 
involved.  
 
 This chapter begins with a simple process flow of  experimental involved in 
this research. Materials used in this experiment and preparation of steel substrate and 
intumescent coating were briefly discussed. Details on test used and equipment 
involved for results analysis were also discussed.  
 
 In next chapter, results obtained from the test involved in this reseacrh will be 






























RESULTS AND DISCUSSION 
 
 
4.1 Chapter overview 
Results and discussions from the analysis of the effect of talc on physical, chemical, 
mechanical and thermal properties will be briefly discussed in this chapter. 
Characterization of talc and intumescent coating before and after the fire test will be 
discussed in detail including the results of water immersion test, lap shear test and 
heat insulation test. The results obtained from the experiments will be compared with 
the literature review from other authors. 
4.2 Talc Characterization 
4.2.1 Chemical composition of talc 
The chemical composition, determined by X-ray Fluoresence (XRF) of the talc 
(Mg3SiO4O10(OH)2) used is presented in Table 4-1. 
 
Table 4-1 Chemical composition of talc 











The high SiO2 contents in the talc and traces of TiO2 and Al2O3 can be attributed to its 
crystalline structure. The talc used in this experiment has a monoclinic crystal 
structure after analysed with XRD. Talc ores also differ according to their 
mineralogical composition (i.e. the type and proportion of associated minerals 
present). The presence of Mg and Al shows that it is a talc-chlorite ore bodies consist 
mainly of talc (sometimes 100%) and chlorite which is hydrated magnesium and 
aluminium silicate [105]. Talc can be categorized as a layered silicate structure which 
is present in intumescent coating, can act as an insulator in order to protect the 
underlying substrate.. Figure 4-1 shows the microstructure of talc that has been used 
in this experiment. This morphology shows talc has a platy structure. 
 
 

















4.3 Coating Characterization 
4.3.1 Physical properties of intumescent coating before and after burning in 
furnace 
 
Physical properties of intumescent coating and char were determined by observing the 
expansion of char and the quality of char yield after the burning process at 800°C. 
Table 4-2 shows the physical properties of char before and after burning at 800°C. For 
F1, F2 and F3 formulation the coating was less viscous and has a sticky surface 
whereas F4 and F5 formulations, the coating was highly viscous due to the increment 
addition of talc added in the formulation. F1 has 3.82(x) expansion, F2 4.64(x) , F3 
5.99(x) , F4 6.73(x)  and F5 6.86(x) after fire test. 
 
Table 4-2 Physical Properties of intumescent coating before and after fire test 





-Less viscous coating 
        -Sticky surface 
 
 
-Coating thickness: 2.62mm 
       -Char thickness: 10mm 







-Less viscous coating 
-Sticky surface 
   
 
-Coating Thickness: 4.95mm 
      -Char Thickness: 23mm 
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(10% talc) 




-Coating Thickness: 3.84mm 
      -Char Thickness: 23m 





     F4 
(15% talc) 
 
-High viscous coating 
-sticky surface  
 
 
-Coating thickness: 4.46mm 
       -Char thickness: 30mm 







-High viscous coating 
-sticky surface 
 
       -Coating thickness: 3.94mm 
       -Char thickness: 27mm 









In the F1 formulation, the coating contains basic ingredient of additives such as APP, 
PER and MEL. Therefore the coating has less expansion due to the absence of filler. 
F1 char was hard, but no protective layer was found inside it. For F2 formulation, the 
char produced was weak, fragile and has big voids when cross sectioning was 
performed. This voids is coming from the trapped gas evolved from blowing agent. 
The outer layer of char was thin and this caused the char crack and  detached from 
substrate. F3 formulation, the char produce was weak, has big voids, thin outer layer 
and the char detached from substrate. For F4 and F5 formulations, the char produce 
was hard, bonded with steel substrate and moreover it has high expansion of char. 
This is due to the amount of talc in the formulation. 15 -20% of talc loading content 
can produce char with good protective layer. Thus, it was found  that the presence of 
talc contribute to the effect of high swelling capacity which provides good protection 
to the substrate. Figure 4-2 shows the graph of expansion times of coating is increased  
with increasing of the talc content. 
 
Figure 4-2 Extent of Expansion of coating with different talc content 
 
Figure 4-3 shows the SEM image of intumescent coating, primer and steel 
substrate after cross sectioning was performed. Protective layer of F5 formulation can 
insulate the steel substrate from fire penetration. Thus, it can be conclude that, the 






           Figure 4-3 SEM image of cross section profile of intumescent coating, primer 
and steel substrate of F5 
 
4.4 Chemical Properties of Intumescent Coating : Water Immersion Test 
Figure 4-4 shows the weight change – time curves of intumescent coating after 358 
hours of water immersion. When coatings are exposed to water, no equilibrium is 
reached at initial stage and the coating continues to gain in weight [84]. Samples 
coating formulation receive a maximum weight gain that is 5.26% for F1, 5.19% for 
F2, 5.32% for F3, 4.61% for F4 and 4.63% for F5 after 24 hours. After 214 hours, the 
weight gain for all formulation started to decrease. This happened because of two 
process involved in water immersion process [84]. 
  
  Figure 4-4 Weight changes- time curves of five formulation of intumescent coating 






Wang et al. [67] stated that when coating gained weight, the permeation 
process take place, that is small molecules and ions permeate into pores of coating 
structure, resulting in weight gain of coating. The second process involved in water 
immersion coating is the solvation process, that is the hydrophilic flame retardant 
additives surpasses the permeation process of water and ions, total weight of coating 
will decrease [84]. After 238 hours weight loss occurred for formulation F1 and F2. 
From literature, this weight loss resulted from the migration of some hydrophilic 
flame retardant additives that migrated from coating and dissolved in the water 
[106,107]. However, no weight loss occured for coating formulation F3, F4 and F5. 
Thus it can be concluded that the water resistance was improved with increasing 
content of talc filler due to platy structure and hydrophobicity properties of talc where 
it is insoluble in water. This property is crucial for limiting water absorption by the 
paint film [3].  The value of weight loss of the coating remains constant after 310 hour 
for F1 and F2 while for coating formulation  F3, F4 and F5 the weight remains 
constant after 240 hour. This showed that all coating reached physical and chemical 
equilibrium [108] and no reaction were occurred anymore. 
 Table 4-3 shows the physical properties of coating before and after 358 hours 
of water immersion. From the table, it can be seen that after water immersion, all 
coating colour changes from white to pale yellow. This is due to the degradation of 
the binder and it is enhanced by the interaction of TiO2 with oxygen and water to 
yield oxidants, that is a substance that gains electron in a redox chemical reaction, 
TiO4 [44]. After 358 hours, all the coating was dried at room temperature and then the 
coating was burnt in a furnace at 800°C temperature. From the result in Table 4.4, it 
can be seen that the coating did not have much expansion compared to result before 





















-coating colour changes from 





      -Coating thickness: 0.5mm 
-Char thickness: 0.8mm 









-coating colour changes from 




-Coating Thickness: 0.5mm 
        -Char Thickness: 1.0mm 














-coating colour changes from 




-Coating Thickness: 0.5mm 
         -Char Thickness: 1.0mm 










-coating colour changes from 




-Coating Thickness: 0.3mm 












-coating colour changes from 





Coating Thickness: 0.3mm 





 The expansion of char for F1 was 1.6(x), 2.0 (x) for F2, 2.0 (x) for F3, (5x) for F4 
and 6.67 (x) for F5. All coatings were detached from the substrate after 358 hours of 
water immersion. This is due to the presence some components of hydrophilic flame 
retardant additives that are soluble in the water and weaken some bonds of polymer 
binder which reduce the corrosion resistance and flame retardant resistance of 
intumescent coating [92]. F5 has the higher expansion of char due to the higher talc 
content which could  resist water even after 358 hours of water immersion. The main 
or basal surfaces of talc elementary sheet do not contain hydroxyl groups or active 
ions, which explains talc‟s hydrophobicity and prevent the water absorption through 
the coating [92]. Figure 4-5 shows the extent of expansion of coating before water 
immersion is higher than coating after water immersion. This is due to the damages of 
flame- retardant additives which spoil the chemical reactivity of the coating.  
 
 
Figure 4-5 Extent of Expansion of coating before and after water immersion test 
 
Figure 4-6 (a)-(e) show the SEM image of char morphology  of formulations 
F1-F5. From the SEM figure, no porous structure was found in formulation F1 and F2 
after 358 hours of water immersion. Big holes can be found in char structure in these 
two formulations. This is due to the damages of the flame retardant additives (APP-
PER-MEL) and the chemical interaction between the additives were spoiled [82]. 
APP can‟t react with PER and MEL so, the coating cannot effectively send out amine 
and phosphoric acid so that the APP–PER–MEL coating cannot react and expand to 




were found inside the char compared to formulations F3, F4 and F5. From EDX 




 because of their 
hydrophobicity properties which can improve the water resistance of intumescent 
coating. Therefore 10% of talc loading content was efficient enough to improve the 




              Figure 4-6 (a) SEM image of F1char after 358 hours of  
water immersion. 
 
                 







                    
                            Figure 4-6 (c) SEM image of F3 char after 358 hours of  
                                                     water immersion. 
 
                  
Figure 4-6 (d) SEM image of F4 char after 358 hours of 
water immersion 
 
              








Figure 4-7 SEM-EDX image of flake for F5 coating formulation 
 
From the results of water immersion, it can be concluded that the water resistance of 
coating was improved with the addition of talc. Platy structure of talc and 
hydrophobicity properties of talc is the most important factor in improving the water 
resistance of the intumescent coating. Similar observation was also reported by G. 
Wang [83], when glass flake were used as a filler in intumescent coating, that the 
water resistance of the coating was improved due to its flaky structure, where it can 
slow  down the migration of fire retardant additives [88]. Wang et al. [80] concluded 
that parallel-arranged structure of graphite flakes acts to increase permeation 
pathways of water and ions through the coating. Therefore it can be concluded that 
the structure of certain fillers is important to enhance the performance of water 
resistance in intumescent coating. 
 
4.5 Mechanical Properties Measurement: Lap Shear Test 
Lap shear test was performed in order to study the adhesion strength of the 
intumescent coating with steel substrate. The thickness of the sample coating for all 
formulation are 1.5 mm. All the coating tested were coated with primer. Figure 4-8 






     Figure 4-8 Lap shear test result of five different formulation of intumescent coating 
 
 It shown that shear strength value is increased with increasing of the talc 
content in the formulation. The maximum lap shear strength, 7.65 MPa is achieved for 
formulation containing 20% talc while formulation without talc, the strength value is 
only 0.42 MPa. This is due to the talc properties where the platy particle form of talc 
reduces the shrinkage of binder system during curing and so promotes the adhesion of 
coating film to substrate [109]. The organic cations of talc such as Mg
2+
 also lower 
the surface energy of the silicate and improve wetting, with the polymer matrix 
making the silicate more compatible with most commercial plastic materials. The 
organic cations also contain specific functional groups to enable it to react with the 
polymer surface and improve the adhesion between the polymer and metal substrate 
[3]. 
 The chemical composition of talc that contain Al2O3 is also the main reason of 
the adhesion improvement in this test. Similar observation was also reported by Zhai 
et al. [110] where stronger bond was formed between the adhesive and substrate. 
Epoxy adhesive also have strong interaction with steel substrate due to the presence of 
Al2O3. With the presence of metal such as Al2O3, the carboxyl group would form from 
the reaction of metal oxide and epoxy. Carboxyl group which was used to improve the 
adhesion of a commonly used epoxy coating [111], showed the highest interaction 




in intumescent coating, it is not only function to bind the additives together but also to 
provide adhesion to substrate [95]. So, the new polar functional group was the most 
important factor for adhesion improvement. This also showed the addition of talc 
filler that can enhance the mechanical performance of the intumescent coating due to 
the presence of the Al2O3. 
Figure 4-9 and Figure 4-10 show the failure mode of intumescent coating after 
lap shear strength test. It shows that F1 have adhesive failure mode while F2- F5 have 
a cohesive failure mode. Cohesive failure occurs when a fracture allows a layer of 
adhesive to remain on both surfaces. When the adherend fails before the adhesive, it is 
known as a cohesive failure of the substrate [114]. Cohesive failure indicates that the 
bonding between the coatings and steel substrate is stronger for formulation with talc, 
while for F1, the absence of talc lead to the adhesive failure mode between the coating 
and substrate. Adhesive failure is due to interfacial bond failure between the adhesive 
and adherend [114]. Figure 4-11 shows the different interface bond failure 
mechanisms suggested different bond strengths. The active cohesive and interfacial 
forces in epoxy adhesive were responsible for its strength [115]. 
 
Figure 4-9 Cohesive failure mode of coating F5 due to the 
                 presence of talc 
 
             












Figure 4-11 Schematic illustration of cohesive and interfacial  
                   forces in steel and epoxy adhesive [115] 
 
From lap shear test result, it can be concluded that the maximum shear strength was 
achieved when using 20% talc in intumescent coating. Cohesive failure mode was 
achieved for coating with talc, where the presence of the Al2O3 are the main factor in 
providing good adhesion to steel substrate.  Poor adhesion of coating F1 was obtain 
due to the absence of talc filler in the formulation. Adhesive failure mode indicated 
that low adhesion bonding between coating and steel substrate. So, the addition of talc 
in intumescent coating would definitely enhance the mechanical properties of the 
coating. 
4.6 Thermal Properties of Intumescent Coating 
4.6.1 Thermogravimetric Analysis (TGA) 
Thermal degradation of  raw material, additives and binder used in this study is shown 
in Figure 4-12. The decomposition temperature for APP, PER and MEL is the same as 
observed in a previous study conducted by Wang et al. [84]. From previous study, 
APP began to decompose above 250°C, eliminating ammonia and water. 
Pentaerythritol (PER) began to melt and decompose at 186-334°C. Because the 
decomposition temperature of APP and PER were roughly within a same temperature 
range, APP and PER can interact to form the char structure. Melamine start to 
decompose at 200-375°C eliminates ammonia so it could blow the char formed by 
APP and PER to give intumescent char layer [65]. Epoxy act as a binder in this 







Cohesive forces in 




epoxy is at 400°C and for talc the residue weight is  around  94% after burning at 
900°C. It shows that talc has higher melting point and it is stable at higher 
temperature. Moreover, by using talc as a filler, it will give intumescent coating a 
good anti-oxidation properties and enhanced the performance of the intumescent 
coating.    
          Figure 4-12 TG curves of raw materials,APP-PER-MEL,and binder used in 
                    this experiment. 
 
 Figure 4-13 shows the TG curves of five formulations used in this study. The 
TG curves demonstrated that the residual weight of coating after fire test was 
increased with increasing content of talc. The curves for F1formulation (0% talc) has 
lowest residual weight which is about 21.99% at 900
°
C. For F2, F3, F4 and F5 the 
weight loss is 32.58%, 32.59%, 34.30% and 35.12% respectively. F5 formulation has 
higher weight percentage which indicated that it has good intumescent effect 
compared to the other formulations. The higher residual weight indicated that there 
were structural changes leading to the formation of carbonaceous species and talc has 
enhanced the residual weight of the formulation by the formation of the ceramic like 
protective shield at the char surface [70]. Research done by Almeras et al. [70],  on 
the effects of talc and calcium carbonate in polypropylene intumescent shows that talc 
has higher residual weight compare to CaCO3. This is probably due to talc 




itself compare to CaCO3[70]. Table 4-4 shows the residual weight obtained at 
different temperatures.  
 
Figure 4-13 Thermogravimetric curves of intumescent coating formulation 
 
  Table 4-4 Residual weight of different formulations of  intumescent coating studied 
                 at different temperature. 
 
 
4.6.2 Effects of talc addition on thermal degradation 
  
The TG curves in Figure 4-14 shows the comparison between the formulation with 
and without talc. From the figures, we can see the effect of talc addition in epoxy 
based intumescent coating. The thermal degradation of F1 in Figure 4-14 shows a 
shift to the higher degradation temperature starting at 500°C until 900°C. The residual 







500°C 600°C 700°C 800°C 
F1(0% talc) 79.16 32.17 24.44 23.38 22.73 
F2(5% talc) 72.14 43.33 37.09 35.67 33.41 
F3(10% talc) 77.95 46.13 36.17 34.45 34.41 
F4(15% talc) 77.64 46.25 37.67 36.11 35.10 




increase in thermal stability of intumescent coating since talc was added in the 





Figure 4-14 Comparison of TG curves between F1(without talc) and F5(with talc) 
 
In order to futher analyze the effect of talc addition in enhancing the high thermal 
residue of intumescent coating, the theoretical curve was calculated. The theoretical 
curve is the combination of individual additives which represents the degradation 
mixture without interaction amongst them occurred [63]. The theoretical curve was 







                                                                                    (4)
 
 
Where:  is the weight ratio of Mi, )()( TM wti  was the weight of each component such 
as APP, PER, MEL, epoxy and talc at certain instantaneous temperature and 






The theoretical weight % loss curves Mth(T) were calculated according to Eq. 5 which 
is based on the ratio of each material in that formulation. This is to assess the 
synergetic effect of talc addition by comparing the theoretical curve with 
experimental TG curve of formulations F3 and F4. 
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Figure 4-15 illustrate the synergistic effect of talc when compared the TG theoretical 
curve and the experimental curve of F5 respectively. The theoretical curve was about 
20%  lower than experimental curve. The residual weight for experimental curve was 
35%. This clearly indicates there are synergetic reactions take place to enhance the 
char content. Talc has significantly enhanced the char formation at high temperature. 
The high  silica content in talc helped in forming protective layer and can withstand 
high temperature from futher decomposition.In addition, the use of TiO2 also give the 
major contribution in a char formation as the degradation temperature of TiO2 was 
1300°C. 
 









4.6.2 Differential thermogravimetric analysis (DTG) 
 
DTG curves of five formulations are shown. Refer to APPENDIX A for the complete 
figures.The curves show there are two steps of degradation of the intumescent coating 
for F1, F2, F3, F4 and three steps degradation for formulation F5. The first 
degradation peak is at 150- 200°C which assigned to the decomposition of the binder 
and at 211°C, APP and PER react to form phosphate ester. The largest degradation 
curves at 400°C- 500°C was attributed to the degradation of the intumescent coating. 
At higher temperature, there are formation of new carbonaceous species (established 
in the temperature range 430°C<T<560°C) Then stable peak is observed between 
430°C and 560°C. This peak was assigned to a particular protective shield. Finally, 
the curve decreases at 800 -900°C [70]. 
 
According to the literature, intumescent coatings can protect their substrate 
from heat treatment by two mechanisms [116]. Firstly, a heat sink mechanism, which 
means that heat is absorbed by endothermic chemical reaction. Secondly, the low 
thermal conductivity of the coatings reduces the heat flux into the sample. The first 
mechanism is successfully used in fire retardant polymeric materials with a high 
content (40–60% load) of inorganic filler systems like Mg(OH)2 or Al(OH)3 [117]. 
Endothermic processes slow down the temperature increase of the protected 
underlying substrate. The endothermic character of the reactions and the increasing 
heat barrier due to the already formed intumescent char ensure that the time interval is 
increased for the temperature range in which an effective intumescent char can be 
formed [116]. 
 
 From thermal properties result, it can be concluded that the talc residual 
weight is higher at about 94% after 800°C heating. The higher residual weight of talc 
can lead to the formation of ceramic protective layer in intumescent coating due to the 
reaction of magnesium phosphate and the silica dioxide. The TG values for five 
formulation show that the higher residual weight was obtain in F5 formulation. 
Compare to formulation without talc, the residual weight was lower, that is 22.73. So, 




barrier in order to protect the underlying substrate. Similar result was found in 
Almeras et al. [12] research which he concluded that the ceramic protective layer was 
achieved for coating using talc as a filler. 
 
4.7 Char Characterization 
4.7.1 Scanning Electron Microscopy (SEM) of char  
Figure 4-16 (a)-(e) shows the morphology of char after burning at 800°C in a 
carbolite furnace. From Fig 4-16(a), morphology of the char shows the coating is 
covered with a layer of  APP-MEL-PER coating. For F2, F3 and F5 in coating, flakes 
can be seen inside the coating indicate that the higher melting point of the fillers use 
in this coating formulation can stand higher temperature and restrains the expansion 
of APP-PER-MEL coating [118]. 
  
 
                    Figure 4-16 (a) SEM image of F1 
 
               
 






Figure 4-16(c) SEM image of F3 (10% talc) 
 
Figure 4-16(d) SEM image of F4 (15% talc) 
 
 









 For F1 coating, no voids were observed in F1 formulation due to the absence 
of filler and this contribute to reduce of char strength. For F2, F3, F4 and F5 
formulations, there are some voids observed in the formulations. Voids were 
produced by trapped gas evolved from blowing agent when the coating was exposed 
to fire. Figure 4-17 shows the reaction of blowing agent towards heat that produce 
voids/pores. These observed voids  act as thermally insulative barrier, which not only 
prevent heat transmission to the underlying substrate, but also prevent diffusion of 
gaseous degradation products to the combustion zone, as well as oxygen diffusion to 







Figure 4-17 Reaction of blowing agent towards heat [120] 
 
The use of talc and TiO2 can contribute to develop the ceramic like protective 
layer on the surface of char and this would give char better cell structure and strength 
[12]. Fillers are the important ingredients in formulating the intumescent coating. It 
was believed that the addition of inorganic fillers to the compound use as flame 
retardants can improved their efficiency. This is due to the plate like microstructure of 
the fillers and the consequence of stabilizing effect they might have on the cell 
structure of char foam [121]. Thus, it can be concluded that cellular structure is 
important for fire retardant effectiveness [122,123]. 
 
 
4.7.2 X- Ray Fluoresence Analysis (XRF) of char 
Table 4-5 shows the composition of residual char after 800°C burning in a furnace. 
From Table 4-5, it can be shown that the amount of P2O5 is increasing at higher  
temperature for all of the five formulation. It has 67.03 wt% of P2O5 at 800°C. The 
high amount of P2O5 confirmed that the intumescent coating formulate in this research 






source and carbon source. APP is degraded in the presence of carbon source [13]. 
Figure 4-18 shows the reaction of APP and PER which yielded the phosphorus 
carbonaceous species [22].  
Table 4-5 Composition of residual char after 800°C burning 
 
               ( NH4PO3)n                        (HPO3)n +   n(NH3) 
                                                  polyphosphoric acid 
 
                                     -H2O 
                (HPO3)n  + synergist                    H3PO4 +  carbonaceous residue char 
                                                     >350°C                                                       
                   Figure 4-18 Formation of  phosphocarbonaceous species [13] 
 Compare with other formulation, composition of P2O5 is decreasing from F1 
to F5. This can be concluded that the amount of phosphorus in the char decreased 
with increasing of the talc content. The phosphorus may react with talc to form a 
silica protective layer on the char surface. Moreover, for F1, the char layer produce is 




















P2O5     67.03 57.22 52.03 49.26 47.50 
TiO2     32.13 30.02 25.48 21.46 22.78 
SiO2     0.13 8.20 14.80 19.50 21.75 
MgO     - 3.63 6.48 9.46 8.66 
Fe2O3    0.08 0.22 0.35 0.58 0.50 
CuO      0.03 - - - - 
K2O      0.07 0.06 0.06 0.05 0.05 
ZnO      0.23 0.13 0.35 0.58 0.47 
AlO3     - 0.21 0.35 0.58 0.53 




layer for FI only contains basic ingredients such as APP, PER and MEL which mean 
the absence of fillers and may not yield a char with better cell structure and may not 
have a good protective layer. 
The high amount of TiO2 in all formulation is believed because of the high 
melting point of this element which is around 1300°C. The purpose of using TiO2 in 
this formulation is to give pigmentation to the formulation and probably functions by 
giving a stronger and more cohesive char with higher yield [124]. The amount of TiO2 
also decreased from F1 to F5. For SiO2 and MgO, the amount of these element 
increased from F1 to F5. It is believed the reaction occured to produce a magnesium 
phosphate layer on the surface of char and produce a ceramic like protective shield at 
the surface [18]. The other traces elements found in this coating was Fe2O3, CuO, 




                Figure 4-19 Percentage of main residual elements of char after 800°C 










4.7.3 X-Ray Diffraction Analysis of char 
After the residue char of the intumescent coating was gradually oxidized at high 
temperature, only some amorphous carbon and inorganic materials remained. The 
inorganic materials might be the main protecting layer at later stages of burning via 
XRD analysis [87]. Figure 4-20 and Figure 4-21 shows the  X-Ray diffraction peak of  
F1 formulation (0% talc) and F5 formulation (20% talc) with d-spacing value. It 
shows that after the addition of talc, the d-spacing value obtained at 9.21968° and 
2.98847° which is assigned to be Mg2P4O12 and Si5O(PO4)6. Previous study performed 
by Levchik and co-workers [77] found that in XRD analysis, the residue of the 
reaction of talc and APP was ammonium Si(NH4)2P4O13 at 300°C. At higher 
temperature, all the nitrogen group loss and the residue of magnesium 
cyclotetrapolyphosphate Mg2P4O12, and silicon oxomonophosphate, Si5O(PO4)6 was 
obtained. The overlapping peak at 3.8896°, 3.51456° and 3.17264° is assigned to be 
titanium dioxide (TiO2) and titanium pyrophosphate (TiP2O7) [87]. This residue can 











Figure 4-21 X-ray diffraction peak of char with d-spacing value for F5 
 
4.7.4  FTIR Analysis of Char 
To further investigate the flame-retardant activity and mechanism of the coating, the 
residue of the burnt coating is monitored by FTIR spectra. Refer to Figures in 
APPENDIX B. It shows that F1 has the strong characteristic vibration peak at 3200- 
3300 cm
-1
 (O-H) which implies the fire retardant has good epoxy system since the 
epoxy functional group remain stable after fire test [128]. Compare to other four 
formulations, the band show lower vibration peak when the amount of talc increase in 
this formulation. It is believed that the binder and fillers react to form a char, so the 
O-H group tend to disappeared after burning due to the absorption of water. 
The sharp peak at 2200 cm
-1
 can be assigned to the characteristic vibration 
peaks of nitriles group (C=N). This is believed because of the presence of nitrogen 
gas from the blowing agent (melamine) used in intumescent coating. The bands near 
1100 cm
-1
 can be assigned to the characteristic vibration peaks of PO4
 
group [83]. 
This peak tend to have lower peak from F1 to F5 because of the reaction between 







some organic materials drastic degrade irregularly, reduce flammable gas, and make 
the high-carbon compounds dehydrate, char to form compact charring-layer structure 
by bridging reactions in the heat degradation in the solid phase [83]. The decrease of 
absorption peak at 1000-1100 cm
-1
 (P-O-C) in polyphosphoric ester and P=O band 
from 1200 cm
-1
 to 1250 cm
-1
 indicates the degradation of some organic compound 
such as polyphosphoric compounds [129]. Table 4-6 shows the chemical functional 
group of coating from the FTIR analysis. 
 
Table 4-6 Chemical Functional Group from FTIR results 
 
Functional Group Wavenumber (cm-
1





Alcohol and Phenols 3200-3550 O-H (H-bonded) 3217.04 -3230.58 
Nitriles  2240-2260 C=N (sharp) 2260.42- 2252.93 
Ketone  1690 R-CO-R - 
Alkena 1350-1470 CH2 & CH3 1465.80- 1434.54 
Sulphate  1350-1450 S=O - 
Phosphosonate 1230-1260 P=O - 
Phosphoramide  1200-1275 P=O - 
Silicon function  1375-1300 &1350-
1140 
Si-CH3 - 
Amine aromatic 1350-1000 N-H - 
Phosphate 1100-1200 P=O 1088.65 – 1091.41 
Esters  900-1050 P-OR 920.46- 936.88 
Alkene 780-850 C-H& =CH2 790.76 
 
4.8  Heat Insulation Test of Coating 
Five different types of coating (F1-F5) were studied by the fire protection test. Figure 
4-22 shows the graph of the temperature of backside of steel substrate plotted as 
function of time. The average temperature after 100 minutes fire test was 363.11°C 
for uncoated steel, 138.16°C for F1, 125.26°C for F2, 113.07°C for F3, 102.15°C for 
F4 and 73.55°C for F5. However, the shape for all temperature profiles are the same 




During 60 s, there was no significant difference in the temperature of each 
coating but after 2 minutes the temperature for each of the coating increased 
dramatically to 152.4°C for F1 coating 149°C for F2, 132.8°C for F3, 80°C for F4 and 
75°C for F5. It shows that heat insulation for F5 which modified with 20% talc shows 
the lowest temperature attained compare to the formulation without talc (F1). The 
high content of talc has given good heat insulation to the substrate as the char expand 
and giving good cellular structure to protect the steel from fire exposure. At about 80 
minutes, all the coating starts to reach the equilibrium where for F1, F2, F3, F4 and F5 
the temperature were 124°C, 125°C, 123°C, 113°C and 69.6°C respectively. It 
indicated that the heat insulation effect was improved when the amount of talc 
increases where the ceramic like protective layer became the main protective shield in 
this coating formulation [17]. Table 4-7 shows the temperature of uncoated steel and 
different formulation of intumescent coating during fire test. 
 
 












Table 4-7 The temperature of uncoated steel and different formulation of  
                intumescent coating during fire test. 
 
 
 Figure 4-23(a)-(e) shows the char image after 100 minutes of fire test. For F1 
formulation, large crack was observed on the char surface compare to other 
formulations. None of the fillers added in F1 which lead to the formation of the big 
holes char strength is reduced and cracks appeared [70]. When cracks appeared, fire 
will easily penetrate to the substrate and insulation properties was poor. That is the 
main reason the temperature of the backside of the steel was higher compare to other 
formulation. For F2, F3 and F4 small crack also occurred at the middle of the coating 
after 100 minutes fire test. F5 have a better insulation properties due to its ceramic 
protective layer which acts as a barrier to protect the substrate. Thus it can be 
concluded that 20% talc has increased the performance of the intumescent coating. 
Time(minute)   Formulation/ 
Temperature(°) 
   
 Uncoated 
steel 
F1 F2 F3 F4 F5 
0 33.5 33.6 32 31.5 33.6 27.6 
5 228.3 152.4 149 142.1 80 56 
10 310.3 160 150.7 123.1 113 90 
15 356.2 161.1 150.8 123.4 114.1 88 
20 359 154.6 142.1 122.8 107.7 87 
25 360.3 152.7 140.4 117.7 108 86.5 
30 361.1 158.5 140.1 111.7 109 75.9 
35 374.6 129.4 133.9 115.4 111 67.5 
40 380 132.3 131.2 121.4 111.3 64.6 
45 384 153.9 127 118.8 107.1 65.1 
50 386 131.6 117.2 120.5 103.4 63.1 
55 388 160 118.5 114.6 100.7 79.7 
60 388 165 130.9 116.1 97.4 79.4 
65 398 135.7 121.9 110.3 102.2 78.8 
70 399 140.3 126.2 114.6 103 78.7 
75 399 123.1 125.1 116.1 113 77.5 
80 400 124 114.7 110.1 105.2 76.5 
85 412 129.9 125.8 116.4 111.4 76.3 
90 425 132.3 124.9 111.1 110.2 75.8 
95 440 136 114.1 106.9 109.3 75.6 
100 443 135 114 110 94.6 75.0 
Average 
Temperature(°C) 





Figure 4-23(a) Char image of 0% talc shows the low  expansion of  
            char and large crack at the middle of coating 
 
 
                       Figure 4-23(b) Char image of 5% talc shows the crack  
















Figure 4-23(c) Char image of 10% talc shows the crack 
appear at the middle of the coating 
 
Figure 4-23(d) Char image of 15% talc shows reduce of  
                                                crack of the coating 
 
 
                       Figure 4-23(e) Char image of 20% talc shows the protective  




4.9 Chapter summary  
Finding of research work were presented in this chapter. The chapter begins with the 
XRF results of talc filler used in this chapter. Summary of findings on the effects of 
talc on physical, chemical, mechanical, thermal properties were also discussed in this 
chapter. Finally, the fire performance on heat insulation test concludes the effects of 
talc in intumescent coating.  
This research was carried out to characterize and study the effects of talc filler in 
intumescent coating by using different amount of talc towards its chemical, physical 
thermal and mechanical properties. From the result, it can be seen that talc has given 
significant effect in intumescent coating. The following conclusion can be drawn from 
the study: 
1) Chemical properties of intumescent coating shows that talc have improved 
water resistance of intumescent coating. F3, F4 and F5 show good water 
resistance properties due to the absence of weight loss compare to the 
formulation F1 and F2. It can be concluded that the water resistance was 
improved with increasing content of talc filler due  to their hydrophobicity 
properties where it is insoluble in water. From the physical properties 
observation, the expansion of char was spoiled due to the damages of the 
flame retardant additives, APP, PER and MEL. The highest expansion of char 
was achieved from F5 formulation, with expansion 6.67x. From SEM analysis, 
no porous structure was found in all formulations. This is due to the damages 
of the flame retardant additives which will spoil the chemical interaction of the 
flame retardant additives. For formulation F3, F4 and F5 flakes can be seen 
inside the char structure which indicate the higher water resistance and 
melting point of this material. So it can be concluded that 10% of talc is 
efficient enough to improved the water resistance of the intumescent coating. 
2) The lap shear test result shows that the adhesion properties of intumescent 
coating was improved by using talc. It can be seen from the result, the highest 





This is due to the presence of Al2O3 which reacts with epoxy to form carboxyl 
group. Carboxyl group showed the highest interaction with than other 
functional group. Cohesive failure mode indicated that the strong adhesive 
properties of intumescent coating with a steel substrate. 
3) From thermal analysis, it can be seen that, by adding talc the residual weight 
was increase with increasing of the talc content. It shows that talc have 
enhance the residual weight of the intumescent coating by forming a ceramic 
like protective layer on the char surface. Moreover silicate content in talc also 
giving good performance to the fire performance of the intumescent coating. 
4) From SEM analysis, the morphology of the char was improved by using 5-
20% wt talc compare to the formulation without talc. By adding 5-20 wt% talc 
the char protective performance was increased due to ceramic like silica layer 
at the surface of structural char compared to the formulation without talc. This 
indicated that talc can enhance the performance of the coating by giving char 
better strength and cell structure. 
5) XRF result show the main element observed in char layer after burning were 
P2O5, MgO, TiO2 and SiO2. All of the results indicated, talc enhance the 
performance of the intumescent coating by giving char better strength and cell 
structure by giving  good expansion of char in order to protect the underlying 
substrate. 
6) Mg2P4O12 and Si5O(PO4)6 became the main protective layer in later stages of 
burning by XRD analysis. This residue enhanced char structure and protect the 
This residue enhanced char structure and protect the steel substrate during fire  
treatment exposure at higher temperature. 
7) Heat insulation test have proved that talc has a good insulation properties in 
order to protect the steel substrate. This can be seen in fire protection 
performance where when 20% talc was added in intumescent formulation, the 
temperature was about 75°C. Compare to the formulation without talc, the 




shows the talc filler has good insulation properties due to the silicate layer 
„foam‟ which can provides  barrier to protect the underlying substrate. 
Based on overall result, it can be concluded that talc  enhance the performance of 
intumescent coating due to its platy structure which can give char a cellular 
structure and give a ceramic like protective layer in order to protect the underlying 
substrate. 20% talc loading give a best performance in overall test. 
Conclusion of overall results and recommendation for future research will be 

























CONCLUSION AND RECOMMENDATION 
 
5.1 Chapter overview 
 This chapter summarizes the findings of this research by drawing the 
conclusion of overall results and recommendation for future works. The objectives on 
this research are reviewed and the achievement is highlighted in this chapter.  
5.2 Conclusion 
This study was taken with the objectives to study the effects of incorporating talc in 
the formulation towards the physical, chemical, thermal and mechanical properties of 
intumescent coating and to investigated the fire retarding performance of the coating. 
Based on the analysis done and discussed, it can be concluded the the objective was 
achieved.  
 From overall result, with incorporating of talc into coating formulation, 
intumescent has shows good physical, chemical, thermal and mechanical properties. 
The highest expansion of char and good adhesion to steel substrate indicate that good 
physical properties of coating was achieved. Chemical properties of the coating 
showed that with addition of talc into the coating formulation, the water resistance of 
coating was improved due to the talc hydrophobicity properties which insoluble in 
water. 
 Synergistic effect in thermal analysis was analysed using themogravimetric 
analysis (TGA). Synergistic effect indicate that talc can enhance the char content by 
performing protective layer to protect the underlying substrate. Good adhesion of 
coating to steel substrate due to interaction of the epoxy resin and carboxyl group was 




substrate lower from F1 to F5 formulation show that good fire retarding performance 
was achieved by incorporating talc into the formulation. 
 
5.3 Recommendations 
It is recommended to carry out further analyses due to lack of equipment in the 
current work. These analyses are: 
 
a) The measurement of mechanical properties of the char strength. Compressive 
tester is suggested to be used to measure the strength of the char. 
b) Measurement of the toxicity of the emission smoke and fumes. Smoke and 
toxicity measurements are required to find out the level of toxicity. Thus, 
harmful chemical released to the environment can be assessed. 
5.4 Chapter summary 
This chapter conclude the overall results of the effects of talc filler on physical, 
chemical, mechanical and thermal properties in intumescent coating. 
 From the overall results, it can be concluded that the objective of this research was 















Differential thermogravimetric analysis (DTG) curve 
 


























DTG curve shows the degradation peak at 130.16°C and 
452.68°C for F1 formulation 
 























DTG curve shows the degradation peak at 163.3°C 






























DTG curve shows the degradation peak at 173.18°C 
and 432.35°C for F3 formulation 
 




























DTG curves shows the degradation peak at 170.23°C  











Fourier Transform Infrared Spectroscopy spectrum (FTIR) 
 



























FTIR wave of coating formulation F1 
 





































































 FTIR wave of coating formulation F3 
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